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INTRODUCTION. 



Ihb great waot of soientific principle in tlie oonstniction of yachta 
mtiBt be evident to everyone who has given the snlgect any oon> 
sideration, and it ia on account of this want tbat so few yachte are 
built which answer the expectations of the bnilder car owner. The 
deficiency may be traced to two prindpal cansee, first to the imper- 
fect knowledge of &a theory of Naval Aichitectnre, which the 
generality of onr yadit builders poseeea, and secondly to the very 
slight inducement for any improvement given 1^ the yacht clubs. 
Although the builders are undoubtedly men of great exfenmce, 
still the very nature of their employment prevents that carefdl 
study of the sdentific part of their bnainees which can alone 
produce a competent navfd architect ; in &ct. Naval Architecture is 
with thorn of secondary importance, instead of demanding the 
greater share of their attention. In other conatrnctive art« there 
are two distinct branches, the architect, to whom is entrusted the 
design, and the bnilder, whose business it is to carry out the design, 
and whenever these separate branches of a trade have been united 
mediocrity has invariably resulted, because the time and attention 
requisite to produce proficiency in either branch prevents more 
than a partial knowledge of both. 

In yacht building the separation is even more necessary than in 
other constructiTe arts, for the designer should not only be a 
scientific constructor, but also an experienced yacht sailor, oUierwise 
he can form no correct estimate of the probable effect of* the com- 
binations of his design. The fast^t yachta of the present day 
afibrd a confirmation of these remarks : neither the ' Alarm,' the 
' Mosquito,' nor the ' America,' were constructed by rE^;nlar yacht 
builders, who, unable to compete with the sdentific yachtsman or 
naval architect, are driven to follow in their wake, and adopt any 
model that may obtain a temporary superiority. 

The yacht clubs have hitherto done little to improve the con- 
struction of vessels : their prizes are offered for speed only, and 
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tiut speed most be meesared by an otbittaiy etiuidard, wbicb bas 
not oi^y ceased to be a oorrect meaaore, bat ia found to engender a 
very bad fbnn of yacht. At present the yaoht dnbe aie placed in 
an anomalooB position ; the members indiTidnally are nnanimotia 
in opinion that the present class of clipper cnttera is deficient in 
every reqniate of a good yacht, except speed; even those who 
possess sach vessels are ft^aently a&nid to tmet themselves in 
their own craft ; bnt collectively they agree in shutting tiieir ears 
to any improvement whatever. Virtnally no rig but the cutter, 
with its immense and ndicnlonB baUocm sails, is to contend in thdr 
races, nor is any bnt the most exaggerated f<»m of hall permitted 
to enter the lists with any chance of saccess. Any remedy for 
these last-mentioned errors is diScult to suggest ; bat in the way 
of improving the scientific constmction, and ensnring that a yacht 
shaU answer the expectations of her constractor, the yacht clabs 
may accomplish mach by insisting upon a proper drawing of every 
yacht entered for a race being deposited in their custody, to be 
retained as clab property. This would ensure a certain degree of 
attention being pud to tlie constmction of racing yachts, and 
althoagh there might be some repngnance at displaying sappoeed 
secretff of the trade, still the feeling is somewhat selfish aad 
unsportsmanlike, and would no doabt soon be overcome. 

Yacht owners should endeavoor to force the bailders into paying 
more attention to the constmction of their vessels by making them 
famish proper and correct designs of any yacht to be bnilt ; and the 
bailders' themselves, by prodacing an accanito drawing beforehand, 
would be forced to direct their energies more to the constmction 
and less to the practical part of their bofflnees, and thns find a 
sabstantial remuneration for their labour in the success which 
would undoubtedly follow the application of scientific principles in 
making the deragn for a yacht. 

At present there seems to be no prospect that a class of scientific 
yacht constructors will arise, and the only improvement now likely 
to take plaoe is, that yacht owners sboold learn to constmct their 
own vessels, or, at all events, to anderstand the drawings and calcu- 
lations, and thus be able to control the constmction. With the 
view of assisting both tlie amateur and the practical builder, the 
following pages have been arranged, no work of a similar character 
having hitherto appeared, so far as the author ia aware of. Lord 
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IMT&ODIIOnON. 'ni 

Bobert Montagu opened the snbject about two years muse, bnt very 
&w bniUere or amatents are able to follow bis Lordship thtongh his 
mathematical laTestigations ; nor is the knowledge of anch matters 
of abeolate necessity to the builder — his wania are of a mote 
practical nature ; he requires sometliing which shall guide him in 
making the design for a yacht ; be stands, pen in hand, ready to 
commence the drawing, and cannot afford to spend his time in 
Btndying matters which are seldom acquired in after-life. Any 
man able to read and understand a complicated treatise of mathe- 
matics is competent for better things than superintending a small 
diip-yard ; bat happily there are few who do not poasees the 
reasonable knowledge of arithmetic requisite for the full compre- 
hension and application of principles laid down in this treatise. 
Very great difficulty is always found in procnring accurate 
drawings, and information as to yachts already bnilt whose pro- 
perties are known. The builders have an objection to supply any 
drawings for the purpose of publication, preferring to maintain a 
mysterious eectecy abont their proceedings. In many cases no 
drawings exist, aa the builders do not understand them, and hold 
such things in abhorrence, relying upon a good eye and the " rule 
of thumb " for an el^nt or swift vessel. Some there are who 
have a collection of nothing but models, which serve . in the 
place of drawings. Kow this system of model-making has had a 
most pernicious influence in yacht building : no correct idea can 
be formed of the properties or qualitira of a vessel from a model, 
unless it is made &om the drawing, and if so, then it is nselees, 
except aa a toy. 

A model made by guees or without a plan is generally a perfect 
monstrosity, when submitted to the severe test of being transferred 
to paper. A model is however made, because an amateur can 
scarcely be expected to form any notion of a vessel from a drawing; 
he requires something lees technical — something with which his eye 
is more conversant, and when a model is i^owu him he imagines 
that he understands the thing completely. In many cases this is 
a mere optical delusion, as anything tending to diminiHli the lustre 
of the varnish or paint, or to sli^Uy damage the model, imme- 
diately dissolves the charm, and the perfect form becomes common- 
place, yet the model as a model is mudtered — to a ship-builder it 
has the same value as before the teet was applied. The model 
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VIU INTBODUCTION. 

Bjrstem ia a part of the yacht-bnilding syHtem, for the bnildeiB, as 
piactical men, find it easier work to cut out a model than to pre- 
pare the drawing of a ship. After the drawing is completed, a 
model may be made as a eatiKfaction to those who do not onder^ 
stand ship drawing ; but to imagine that the nioe adjnstmenta of 
centres of gravity, areas or displacements, will be obtained £rom a 
model, is ridiculous. 

The Author hopoi, bowerer, that a moderate stndy of Hub work 
will enable the builder to make, and the amatenr or owner to nndei^ 
stand, proper ship drawings and calculations. 

At present there is a great want both of drawings and oalcnla- 
tions of yachts ; a collectioD of snch calculations wonld be iavaln- 
able to the yacht bnilder, and the attempt now made to supply such 
information can only be considered as initiatory ; each bnilder ac- 
cording to his opportnnity may increase his means of comparing 
and drawing his conclnsions &om increased collection of materials 
for constmcting, and he will thns be enabled to ascertain to what 
the good or bad success of a yacht may he attributed, and avoiding 
the bad examples, each sncceesiTe vessel he designs will embody a 
greater proportion of good qualities. 
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A TREATISE 



YACHT BUILDING. 



DRAWINO. 

It is alieolately neoesaaiy for anything at all approaching to the 
scientific construction of a ship, that the designer, whether owner or 
bnilder, should understand a ship drawing, and this can scarcely be 
acquired withont a Uttle knowledge of the art of Drawing — an art 
Very eeaily attained. For those wholly tmacqnainted with the subject 
I shonld explain that the first process towards building a properly-con- 
stmcted veesel is to make accurate drawings of the intended Tessel 
on paper, upon a reduced scale. From these drawings other draw- 
ings of the full size are made or " laid off " upon the floor of a 
large room called the " monld-loft." From this last-mentioned draw- 
ing " moulds " of thin deal are made, and by the help of these moulds 
the timbers comprising the " frame " of the vessel ore out out, and 
the frame is then put together. In ship drawing a very few imple- 
ments are required. One straight-edge about four feet long and 
four inches wide, with one of its edges champbered; another of 
about a foot in length, and two and a half inches wide ; the former 
may be of wainscot oak, or a clean piece of fir ; the latter of some 
hard wood, such as oak, mahogany, or peat ; two or three squares of 
difierent sizes, the smaller of ebony, pear, or boxwood, and a set of 
moulds, which should be made of pear or boxwood veneer. They 
may be procured at the mathematical instrument makers ; but it is 
better to obtain a set from some practical draughtsman, A sheering 
batten of fir, about four feet long and three-eighths of an inch 
square (though it is better if it is flatter on one side) ; two or three 
shorter battens of lancewood, made to taper gradually till they are 
very thin and pliant at the smaller end ; some lead weights of about 



)vGoO'^lc 



2 A tbeahbb oh yacht BITILIIIKO. 

six pounds v^ht eacli — these may be cast in the foim of an 
elongated sqnare and coveted with paper. To pin or fix a batten 
with them, it is necessary to have some pieces of hard wood, sach ae 
lancewood, A&icsn oak, or box, toade in this shape J> 



the pointed end being placed on the batten, and the weight on the 
square part, or this piece of wood may be secured to the lead 
weight by a conple of screws, and then naed all in one. These are 
aU the requisite tools, except the drawing pens, diriders, bow pens, 
&c,, which are nsnally sold in a box of instruments, bnt which had 
much better be porchneed separately, because many of the articles 
forming the cnstnmary equipment of such a box are of no nee 
whatever to the ship draughtsman, whilst many that are of use 
are omitted. Therefore, anyone wishing to obtain a good practical 
collection of drawing instmments had better provide a pair of 
dividers with shifting pen and pencil legs ; a pair of dividers with 
fixed legs ; three drawing pens ; a small spring bow pen ; a larger 
bow pen and pencil ; and, instead of the nanal scales, a foot ivory 
scale, divided with inch, half-inch, quarter and eighth inch scales 
(m its edges, and other scale divimons of the inch in the middle. 
A six-inch scale of decimal parts of a quarter-inch — commonly 
called a " forty scale," is very useful in making the calculations. . 
A cake of good Indian ink, and bottles of Ackermui's fluid verdigris 
and carmine, complete the equipment of the ship drangbteman. 
The table or drawing board, at which the dranghtsman stands when 
at work, should have a smooth surface, and be placed under a 
window or otherwise in a good light. The drawing board is usually 
about 6 feet long, and 3 feet wide, and stands upon trestles 2 feet 
10 in<^ies above the fioor. 

The drawings from which a ship is constructed are always three 
in number : — 

I. The sheer plan, contoimng a series of longitudinal vertical 



2. The half-breadth plan, containing a series of longitudinal 



3. The body plan, containing a series of transverse vertical 
sections. 

The beginner should commence by copying a set of drawings, 

which is a very easy matter. Like other arts it requires a little 
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practice, bat aftei a few attempis tbe stndeiit vill become dezterona 
in the use of the monlds and drawiug pen. Tbeie are three 
customary metbods of copying : — First, by traciiig the original on 
prepared transparent paper placed over it. This plan is usefully 
adopted when expedition is required, or when a drawing has to be 
transmitted by poet ; it is the simplest and easiest metbod of copy- 
ii^. The tracing paper may be pnrchaaed, but for such as prefer 
preparing it for themselTM, the following is an excellent recipe. Tlie 
paper so prepared is not only rery transparent, but admits of being 
tinted npon. Take the best Canada balsam 2 ounces, and mix it in 
a basin with 4 ounces of spirits of turpentine, until the balsam is 
quite dissoNed ; spread a quire of laige-sized tissue paper evenly 
upon a table or drawing board, one sheet upon another. The mix- 
ture most be applied to the upper sheet with a large brush. When 
one side is saturated the sheet of paper must be turned, and the brush 
passed over the reverse side so as to equalize the liquid. Having 
stretched some strings across a room, the sheet may be pinned by 
two of its comers to the string, and thus left to dry ; when it is fit 
for use. The first sheet will generally take at least cme-balf of the 
mixture, as the under sheets imbibe it : each successive sheet must 
be snbmtted to the sune process. Pure Canada balsam is qoita 
colourless, and when the-paper is dry it should have rather a dead 
white appearance, and not be yellow, glossy, or sticky ; when guch 
is the case, it is a sign that there is too much balsam in the mixture. 
A. small pinch of sugar of lead stirred into the mixture will facilitate 
the drying. 

The second method of copying is by placing the original plan 
over a sheet of paper, and pricking the principal points through 
with a fine needle, so as to mark the lower sheet ; guided by these 
points, the draughtsman can easily fill in the detail ; a little practice 
in "pricking off" is reqni^te, as an expert draughtsman will re- 
quire very few marks. Care must be taken that the needle is held 
upright. I should mention that to prick holes in a borrowed draw- 
ing is considered a great offence. 

The third plan is to measure the principal points with a pair of 
dividers, or a scale, and to transfer these points^to the copy ; this is 
the method to be adopted by the learner. After copying one or two 
drawings in this manner he wiU become acquainted with the con- 
nection between the different lines of the plans. Some draughtsmen 

B 2 
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4 A TREATISE OH YACHT BUnJUKG. 

atietch their paper on a drawing board ; tliis is dcoie by eatorating 
the paper with water, which is aponged erenly on every part, and 
then glning the edges down to the board. Aa the paper ahrinks 
oonsiderably in drying it becomes very firm, and presents an excel- 
lent snr&ce for drawing npon ; but when cnt &oni the board the 
papra inTsriably contracts, and therefore the drawing will be more 
or less inaccnrate aocording to the extent of this contraction. 

Suppose, then, the student to commence copying a ship drawing, 
I need only describe the order in which the lines should be copied, 
the connection between them, and the method of ending them. As 
a general role the lines representing the actual parts of a vessel are 
drawn in black ink ; the water lines or horizontal sections below the 
load water lines in each plan in green ink ; those lines which are 
not parts of the vessel bnt are of use in making the drawing, in 
ticked black ink ; and the inboard work or profile in red ink. The 
light is supposed to oome &om the right-hand upper comer of ihe 
paper, and consequently the npper and right-hand sides of a solid 
are represented by fine or thin lines ; those on the lower or left hand 
by thicker lines ; thus the lower side of the keel is'thick, the fore- 
side of the mast is thin, and so on. The drawing should be com- 
pleted in pencil before ink is used. 

The middle line of the half-breadth plan is first drawn, and &om 
this line as a base, all breadths are measured — perpendicular to it 
the foremost perpendicular, and then, at their proper distances, the 
lines corresponding to the other vertical sections are to be drawn. 
The load water line of the sheer plan is drawn parallel to the middle 
line of the half-breadth plan, and consequently the sections are ver- 
tical to it. It is not unusual to make the upper edge of the rabbet 
of Uie keel, the base of the sheer and body plans ; but where there is 
much ditTerence in the draught of water forward and aft, as is the 
case with most yachts, the load-water line is preferable. 

From the load water line all heights and depths are measured ; it 
is therefore the base of the sheer and body plans. The rabbet line 
and lower side of the keel in the sheer plan are next drawn, the 
intermediate water lines are sometimes drawn parallel to the load 
water line and sometimes at equal distances between it and the 
rabbet line of the keel ; in the former case there is lees trouble in 
transferring the heights to the body plan, in tlie Utter th^ are 
better adapted for making the calculations. The several sheer lines 
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must next be set ofT, the heights taken firom the water line on each 
section, and a penning batten made to pass throngh the points, and 
a line diswD along the batten. The stem, rabbet of stem, the stem- ' 
post and its rabbet are next ia order. The counter may be copied 
by drawing in the original a continuation of the rake of the counter 
through the water line to some other line below it ; this line trans- 
ferred to the copj will give the rake of the conuter. The detail of 
this part is then easily filled in. The different half breadths of the 
water lines end of the sheer lines must next be transferred from 
the origin^, and a thin batten penned to pass through the points in 
each section. Some practice, and not a little patience, is necessary 
in using a penning batten and weights ; if the batten is too pliant 
the line may not be a &ir enrre, and if too stiff it is extremely 
difScnlt to confine it in its proper position. 

The endings of the sheer lines and water lines in the half-breadth 
plan are obtained by squaring down from the sheer plan the inter- 
section of each line respectively with the fore edge of the rabbet of 
the stem, or the after edge of the rabbet d the Btem-post, as the 
case may be, io the middle line of the half-breadth plan, and &om 
th^e spots set off &om and perpendicular to the middle line half 
the siding of the stem or stern-post at the respective heights, th^e 
latter spots will be the endings required. 

The middle hne of the body phin is drawn square to the base, 
and the half siding of the stem and stern-post on each side of it. 
It is nanal to make the base of the sheer and body plans in one 
line, and therefore when the load water line is the base, a continua- 
tion of it frcon the sheer plan will be both the base and the load 
water line of the body plan also. When the other water lines are 
parallel to the base they may also be continued, but when not 
paralld the distance of each water line &om the base must be trans- 
ferred iirom the sheer to the body plan. Lines drawn square to the 
middle line at tliese heights will represent the vertical height of 
each water line at each section in the body pkn, and on these lines 
the respective half breadths, taken from the half-breadth plan, 
must be set off &om the middle line — the several sheer lines are 
transferred in a similar manner. A curve passing through the 
points thus found will give the shape of that section m the body 
plan. The better way is to take off the heights and breadths of 
each section separately, commencing with the midship section, which 
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is odea drawn oq both eides ; the seotioos of the fore body are 
drawn on the right, and those of the after body oa the left-hand 
side of the middle hne. The sections of the body plan will end at 
the half siding of the keel, Btem or stem-poet as to breadth, and at 
the lower edge of the rabbet of the keel as to depth in each sectioQ. 
When the intermediate water lines are parallel to. the base, the 
breadths have merely to be set off on them. In drawing these 
sections of the body plan the mnall moulds must be nsed, and each 
line drawn in small pieces. Miex a little practice this is Tery easy, 
although at first some difficulty may be experienced in forming &ix 
and correct cnrres. By tracing about a dozen body plans the 
beginner will become accustomed to the use of the moulds. When 
the body plan is so &r completed it may be necessary to " &ir the 
body," by ranning diagonal and battock lines. In transferring the 
former from the body to the half-breadth plan, the distance of each 
section is taken on the line of the diagonal from the middle line of 
the body plan and applied to the corresponding sectitm of the half- 
breadth plan. A iMtten pasEong through these spots will detect 
any nnfeirness in the line, which must be corrected. A diagonal 
line ends in the half-breadth plan at the height of its intersection 
with the half siding of the stem or stern-post in the body plan, 
transferred to the rabbet in the sheer plan, and squared down to 
the half breadth ; on this the diagonal distance of the middle line 
to the half-sidiag line of the body plan is set o^ whii^ gives the 
ending required. A bnttock line in the body and half-breadth 
plans is drawn parallel to the middle line, the distance of ito inter- 
section with each section from the base are transferred &om the 
body to the sheer plan, and a batten paamng throngh these spots 
will detect any nnfairness ; or, as a further proof the intersection 
(^ each water line with the bnttock line in the half-breadth plan 
may be squared np to the respectiTe water lines in the sheer plan, 
if ttie bnttock Hue of the sheer plan does not agree with these hist- 
found points some alteration must be made until the body is &ir, 
which is the case when all the intersecting points exactly coindde, 
and the diagonal, buttock, and water lines of each plan are &ir lines. 
In the foregoing description the body and half-breadth plans are 
drawn to the outside of the plank ; in working drawings the out- 
side of the timber only is shown ; in this case the sections of the 
body plan and the water lines of the half-breadth plan are ended 
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by deearibing an arc of a circle with the radioB of the thickneea of 
the plant &oin the ending before found aa a centre ; the lines will 
end at the back of this arc, 

- It may be obaerved that it is a mie to take aa few points as 
possible from the original drawing, and to find the points in one 
plan &om those in another ; by tbis means any error is much lees 
likely to produce an nn&ir or impracticable drawing. 



CONSTRUCTION. 



Having now giren a general idea of the method of copying a 
ship drawing, and assomisg the stndent to have become skJlfiil in 
the nse of the several imj^ements of his art, we may proceed to 
constmct a yacht ; but before doing so it may be advisable 
to consider each separate element of the design, and it most be 
dearly onderstood that the system proponnded in these pages is 
entirely a tentatire system, in which the constructor takes an 
existing vessel or vessels of known good qualities, most nearly 
resembling that whidi he proposes to constmct, as his guide, and 
proceeds to adopt that which is good in the vessels he establiahes 
as models, and to improve upon that which is bad. 

DlSPLACKMBNT. 

The first step to be taken in designing a vessel is the determi- 
nation of the displacement, and its relations to its three containing 
dim^isious, length, breadth, and depth. In fixing the displace- 
ment, the following considerations occnr. By having it too great 
in proportion to the dimensions, the vessel will be heavy, and from 
the necetssary fulness of the immersed portion of the body, she will 
be slow, and will probably be uneasy at sea, though roomy below. 
By a reference to the Table of Calculations we find the mean ratio 
of the solid contents of the displacement to the cironmacribing 
parallelopiped assumed aa 1, is for cotters '356, and for schooners 
'3953, the general average bemg '37; and selecting the better 
reesels of each class, these aver^es are '3499 and '3789 re- 
spectively, whilst the mean of the two classes is '3623, which may 
be taken as a good proportion. 
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The displacement Bhoold be considered as in three distinct 
branches, viz. that dne to the weight of bnll, of ballast, and of 
equipment; there is great difficnity in obtauiing tmstworthy 
information on this subject, correct particnlaia of which aie mocU 
required, bnt tbe following sie correct, or nearly so. 



HaxeppB 

Calypso.. 
Thought 
Cygnet .. 
Emetald 
Pearl .. 
HiM7Tsjl< 



21-0 
28-5 
51-0 



IS- 7 
28-5 
16-25 
41-5 



• Cloidi bnUi, mf dtgM, lialf-dHied. 



The beat plan for fixing the displacement of an intended veesel, 
in accordance with &a principles of this work, is to ascertain that 
of another vessel built and fitted somewhat similarly, and of nearly 
the same dimensions as the resael reqtiired ; by this means a near 
approximation may be formed. 

Lenoth. 
Having fixed on the intended displacement, the length has next 
to be determiaed, and by the length must be nnderstood the length 
of the load-water line, tinlees stated to the contrary. The length 
mnst be in the first instance determined by examining the length of 
other vessels of the same or nearly the same displacement, and 
considering their qualities. The ratio of length to displacement ia 
BO very variable, that it is impossible to give any mie on the 
Bobject. In the ' Mazeppa ' this ratio is - 095 ; in the ' America,' 
' 017. As a general mle additional length increases the velocity, 
bnt may be detrimental to the working of the vessel, and to the 
effect of the mdder. It may, moreover, increase the pitching in 
large veeseb to a dangerous extent, and before giving greater 
relative length than is usual, the constructor must give dne weight 
to these consideraldonB. 
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Bbeadth. 



The ratio of breadth to length ia very variable, and from tlie 
loose mannet in wUch these dimensions are spoken of as to the 
part of a Teeael at which the; ate taken, it is difficult to form a 
correct notion of the actual proportion commonly ol«erTed. The 
dimensions of a veesol at the load^ water line as to length and 
breadth, are thoee which are of the greatest use to the constmctot, 
as th^ are at least taken &om known and fixed points. Assmning 
the length tobe established, and calling it 1, it will be fotmd from 
the tables that the proportionate breadth varies &om ' 408 to * 2202 
for cntt^?, and from '3323 to -2234 for schoonere; but mdess 
certain properties of the teiq>ective vessels are known, the propor- 
tion of breadth to length is of litUe value as a means of eetablifibing 
any general mle, so much depending upon the depth, stowage, and 
specific gravity of the ballast, &c. ; bat it would appear that when 
a cutter is intended to obtain her stability by depth and weight of 
ballast, then * 24 is a good proportion of breadth to length ; when 
she is to rely more on her constmctive qualities for her power of 
carrying Siul, greater proportionate breadth is required, aud conse- 
quently -28 would be a better ratio. These remarks scarcely 
apply to schooners, as they are sddom small enough to allow of 
their being constructed on the former system, and the nature of 
their rig renders great breadth inadmissible; '25 to '27 appears 
to be a good proportion for schooner yachts. By an increase of 
breadth, the stability, the rolling, and generally the direct reeistauce 
are increased. As regards the stability; when a vessel is to acquire 
her power of carrying sail &om her constructed form, the breadth 
at about the load water line should be proportionately greater than 
when the stiffness is to be obtained &om tJie weight of ballast and 
the low position of its centre of gravity. In this latter case the 
breadtii may be advantageously reduced, and the depth increased. 
A limit to this ia found when the vessel increases in mm, as will 
appear when we treat of the depth. A vessel relying upon her coq- 
structive qualities for stability has many advantages over the deep- 
farmed yacht; she will, besides drawing less water, require less 
ballast, be lighter, easier, and drier at sea, have greata; platform 
space, will work quicker, and will sail with lees inclination. On 
the other hand the deep heavy yacht will have greater height of 
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calon, will perhaps be faster to windward, and in a match in narrow 
waters her weight will give her an advantage over her lighter 
c^pimeDt, and ^e will shoot &rther in stays. It is, however, diffi- 
(mlt to believe that the oartow form would have been countenanced, 
hut for the tonnage law which gives ench greet advantages to a 
narrow vessel, and has prevented the wider yacht from receiving 
that attention which its qualities deroand. I have had an oppor* 
tonity of constmetiDg two small crftft of 15 tons, one ou each of 
theee systems; they ate of nearly eqaal lengths and equal speed, 
the advantage being slightly with the wider of the two, and snch 
being the case, the preponderance of advantages seems decidedly 
on the side of breadth against depth. The rolling of yachts is 
not a matter of mach moment, as they are seldom placed in porations 
where an additi<m to tlte breadth would be notioeaUe in causmg 
exceemve rolling. In yabhta great breadth is admissible, inasmnch 
BB the small displacement of a yacht enables the constmctor to 
iiave a small midship section, and also to give the water lines so 
gradoal a curve towards the extremities, that the additional resist- 
ance due to tlie increased breadth is not of very great importance. 

Dbpth. 

There is some difficnlty in fixing upon a measure of depth for the 
purpose of construction. When considered with Tesp&A to draoght 
of water, the extreme depth must of course be taben ; bat for all 
purposes of calculation it is more accurate and more convenient 
to take as the de^ih the mean vertical distance from the load water 
line to the lower edge of the rabbet of (he keel, inasmuch as the 
keel may he increased or diminished, according to considerationB to 
be hereafter referred to, without materially affectmg the displace- 
ment or the area of the midship section; but as there is frequently 
some difficulty in eetabliahing the precise depth forward on account 
of the rake of stem, it is better to measure the depth at the 
middle of the water line. Taking this, then, for the depth, the pro- 
portion of breadth to depth varies in cutters &om -6396 to '2536, 
the average bang ■4378 — the meEmofthe best examples being -449. 
For schooners the proportion is from '4328 to -2956, the average 
being '3052. The general average for schooners and cutters is 
-4224, but it should be remarked that so great diversity exists in 
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this particular, that eight examples selected as poeseaamg a greater 
degree of excellence than other vesBels, embrace the extreme limits 
of the proportion. The reason of this difference is that iast Teasels 
of small size, ench-as yachts, may be constructed on two principles, 
one being that of a shallow body and deep keel, and the other of a 
deep body ; and the constructor mnet determine which principle he 
intends to adopt ; the object being to obtain an area of immersed 
longitudinal section anffici^ntly large to prevent the reesel being 
driven to leeward by the action of the wind on the sails. In largo 
Tessels this area can only be obtained I^ increasmg the depth ; 
bnt in yachts within the ordinary size it can be obtained h^ adopt- 
ing either of the two aboTo-mentioned principles. 

It has been fonnd from experience, that 12 feet is the maxJimitn 
draught of water adapted for general cruising along the English 
coast and its estuaries ; therefore the constructor shonld be caotiona 
in exceeding that draught of wat^, and it will be advisable to in- 
creaae the breadth rather than outstep this limit, except in the case 
of an unusually large yacht. 

Dbio. 
The amount of drag or ezoees of draught of water aft orer that 
£>r»ard is found to vary very conmderably in different yadtite ; this 
ia probably owing to the &ncy of the builder more than to any precise 
deduction, £>r as tJie effect of drag can always be counteracted by 
proper arrangemeat of the sails, any error in ite amount is not &tal 
to the good qualities of the vessel. A certain amount of drag is not 
only deorable but requisite, and has been adopted in nearly every 
description of boat or vessel. It gives a greater area of rudder, and 
what is of more importance, it enables a vessel to work with leas 
bead-sail, uid at the same time the centre of lateral oscillation bdng 
&rtlier aft, the resistance to the action of a wave striking the bow 
is diminished, and consequently the vessel is rendered drier and 
easier. The only question is the extent to which the drag should 
be carried, and to determine this, the constructor has to consider, 
first, the rig of his vessel and the position of the centre of effort of 
the wind on the sails in relation to the centre of longitudinal sec- 
tion immersed ; and, secondly, the position of the centre of gravity 
of displacement, because as this centre approaches the stem so 
should the drag increase, otherwise the sections of the after body 
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mnat be made very fall Intunately oonoected with thia Bubject is 
the consideratioii of the 

BAKiKa Stebn-post akd BAEnra "Bieu. 

A slight rake of Btem-poet b, in some respects, latlier convenient, 
and is finind' in most vessels ; but the exceesive rake given to some 
yachts is undoubtedly an o&pting of the tonnage law, and will, 
in all probability, di«Lppear with the alteration of that law. The 
rake vstiea bom nothing to an angle of 45 d^;rees, the greater 
rake being foond in saoh yachts as are bnilt for raong. Aa the 
laking stern-post haa lately occasioned sach violent coctroversiee, it 
may not be out of place to give the principal argameots on each 
rade of the qoeetion. In &vonT of the rake: — 1. The supposed 
improremect to the appearance. 2. The increased room on deck. 
3. The power of bringing the main-sheet nearer the end of the 
boom. 4. The nidd^ hangs away firom the stem-poet, and eo has 
a tendency to remain qniet when the-Tsssel is at anchor. Against 
the rake: — 1. The topsides and deck are large and heavy, holding 
wind and rendering the vessel crank. 2. A great weight of timber 
is added abaft at a great additional expense, and very little addition 
of room below. 3. The mdder is large and heavy, and, moreover, 
has to be lifted whenever it is pnt over, instead of merely turning 
on its gudgeons. 4. The result of universal experience, the exces- 
sive rake being found only where the length for tonnage is measured 
along the keel. 

Nearly all the arguments as to the raking stern-post apply to a 
raking stem, but as no tonnage rules encourage the latter, it is not 
often fonnd in yachts. Moreover, by raking the stem a part of the 
area of longitudinal section immersed is lost, and also the water 
lines cannot be carried out to that degree of fineness forward 
which is found to be all important in producing speed. It 
has lately become the &8hion to round off the forefoot very con- 
siderably, with the view of causing the vessel to steer better, and to 
stay c[uicker ; and with the same intontion the under side of the 
keel is occasionally made convex. There is no doubt that these 
alterations tend to produce these effects ; but let the constractor 
bear in mind that within the limits of hia dimensions every reduc- 
tion made in the area of longitudinal section immersed causes his 
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Teasel to be less weatherly, and that obedieace to the action of the 
rndder, if wanted, may be increased in other ways than by cnrtail- 
ing this area. Those, however, who hare seen the ' Moeqaito ' or 
' Cygnet,' or, in feet, any good yaeht, stay, will hardly thinV that 
theii constmctioii requires improrement in this respect. A conunon 
idea not only of the practical sailor hnt also of the amateni oon- 
stmctor, is that ressels having great rake of stem skim over the 
water in distinction from sharp vessels with npright stems, which 
mnst, &om their constmction, go through the water. Those argn- 
ing in &vour of the skimming theory forget that a fondamental law 
of natiire is that every floating body must displace a weight of 
water equal to its own weight ; and except so far as the sails may 
lis or depress the veesel, shonld the bow be raised yrhea. tiie vessel 
is in motion, it follows that a corresponding depression mnst take 
place at the stem, and the only resnlt is that the vessel th^ floats 
at some other water line than that intended by her constmctor. It 
is, however, true that &st yachts and also steamers have a tendency 
to raise the bow and depress the stem on any increase of velocity, 
and it is probable that this effect may be increased by raking the 
stem ; but it by no means follows that because the bow is raised 
therefore the vessel sails &ster, uid on the whole it is difficult to 
discov^ any advantage in the system of raking stems. 

Thb Eeiqht or ths Dsoe abovz the Load Watbb Likb, teb 
AuoTTNT or Sheeb, and tee Height of Bulwarks 

Have next to be determined. Particnlan on these points will be 
found in the Tables, and no role can be laid down for the constmo- 
tor's goidance in this respect, as the h^ht out of the water will 
depend upon the size of the vessel, and the particular purpose for 
which she may be intended : but as water on the deck is, to say 
the least of it, inconvenient, the deck amidships should be so 
placed that when the vessel inclinea to an angle of 20 degrees it 
may be above the water line on the lee side. During the reign 
of the bluff-bowed yachts it was cnstomary to give conaderable 
sheer forvrard ; this was probably owing to the fact of th^ knock- 
ing up the water at that part: as tlie finer bow became more 
fiishionable this excessive sheet gradually diminished, and it may 
be doubted whether it has yet reached its lowest point ; at least for 
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▼eeseb intended for smooth-water Bailing. When & ressel inclines, 
the water first makes its appearance on the deck at about two-tiiirds 
of the length &om forward, which is now nsnally the lowest part 
of the deck, and the natoral inference is that this Tcry part shonld 
be raised — if it was raised additional height of cabin wonld be 
obtained ; it is true that by raising the deck we shonld increase the 
cranknees, and also increase the area of the topside ; still the difier- 
eace is only a few inches, and the advantages of a high cabin and a 
dry deck ought not to be given np without dne consideration. If 
the sheer forward can be rednced, the deck amidsiiips might be 
raised withont materially increasing the weight or area aloft. 

Formerly it was the fashion to give more sheer aft than we find 
in yachts of the present time — ^in this respect our ancestors seem 
to have had an advant^e, as they obtained greater he^t in the 
after cabins; with a high stem greater width with better lines 
are practicable, and the inclined water line is not likely to be so 
vmnA. 

These are, howarer, qnestionB of convenience merely ; the con- 
structor has to bear in mind that eveiy addition to the toprade is 
detrimental to velocity, and therefore when speed is the ol^t, the 
h^ht of the deck and also the coonter axii bolwarks shonld be 
rednced to the least height consistent with safety, and slight accom- 
modation or shelter. As to bnlwarke, nnlesa a bulwark is above 
the knee of a man standing on deck so as really to afford shelter 
and protection from falling overboard, it is difficult to see why it 
shoidd be more than a low ledge to prevent things from washing off 
the deck, as seems to be the practice in some American vessels. 

Teh Position or the Midship SBonoK 

Witii regard to the length of the load water Ime is an important 
particular which can only be determined l^ a carefnl consideration 
of the intended form and requisites of the vessel. The experiments 
on resistances made by Colonel Beaofoy mdicate the best position of 
the midship section, or the relative length of the lore and after 
bodies to be from one-half to three-fifths of the length of the water 
Hue &om forward. Comparing this with the results of actual prac- 
tice we find that the best or fiutest yachts nearly approach this 
proportion. 
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PropotttoB (Tt 
Load W*Mt Ll». 



Thought ., 

(>gnet .. 
Moeqnilo .. 
P«rl .. .. 

Mary Tajlt* 
America .. 



-8 befom 
1-3 abaft 
3-26 befors 
S'2 abaft I 
S- abaft : 
S'98 before 



It shonld be lemarked tliat tihe first font named yachts hare greftt 
take of stern-post, which has some effect npon the apparent poeitioa 
of the midship section, by placing it {BxQier forward in relation to 
the length of the load water line than woold be the caae were the 
stern-post npright. Some constmctors hare imagined that the mid- 
ship section, the centre of giaTity of displacement, and centre of 
gravity of the load water line, should be at the middle of the length, 
— their reasons not being very conclnsire, and tending rather to 
prore that the centre of vertical longitudinal section is the oeain 
abont which these points ahoold be concentrated. 

Thx Fobk and Asba, or ths Kidship Sxorta^ 
Have next to be oonffldered — first, of thearea which variee so mach 
in differ^t yachts in its proportion to other known elements, that a 
definite role on 1^ very material particular caa scarcely be esta- 
blished. Id the following Table the area of the midabip section 
in terms of the displacemtmt, length of load-water line, bveadth, 
area of the load water line, and circamscribing parallelogram, are 
given. It is given more as a matter of cariosity than of Titility, 
the last, two colnmns being thoee only which &om the regnlaiity 
woald appear to, be applicable. The average proportion of the 
area of the midship section to the area of the load water line is 
*0966; bat ezkacting those entters marked with a * as being 
superior in point of speed and handiness to the others, the average 
is '1054, whUst the average of the selected sohocMiers is.086, the 
genend mean being '0974, or aboat 1-lOth, whi<^ last quantity ia 
probably a very good propOTtion. 

The ratio of the area of &b midship section to its oircnmscrilnng 
parallelogram averages '6872, for the seleoted catten it is -5921, 
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and for tiie sdiooners ' 6003, the general arenge being ' 
' S, which ma; be accepted as a good proportion. 
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-096 


9899 




0272 I 


5'fll 


4 '700 


-108 


6485 




0270 




3-776 


-089 


6107 




0306 I 


W>5 


1-856 


-116 


98S1 




0247 I 


ma 


4 -282 


■100 


6349 




0245 ] 


436 


4-826 


■100 


6109 




0242 ] 


657 


9 '549 


-108 


69S6 




0213 1 


sxm 


5 '400 


■101 


5692 




0215 ] 


K40 


5 ■253 


■096 


S6S9 


Coqnette 


0193 1 


639 


5 '947 


■091 


6195 




0134 I 


71W 


6' 571 


■077 


6308 


Watowitoh* 


0171 ! 


'dth-Z 




(KWl 


■103 


6277 


Prinoe de NeofcLatel 


0131 1 


'/Wl 






■065 




a" :: :: :: ;: 


0177 1 


407 




HH5 




5910 


0130 ] 


vjsa 




■fm 


-083 




Amenta* 


0200 1 


177 




mn 


■082 


5645 


Mary Taylor* 


0268 


t*73 




316 


■077 


6378 




0203 1 


0K4 




H5(l 


■119 


4795 


Erminift* 




4H<I 




mn 








0204- 1 


lift 




1)14 


■081 




HoTioe 


0238 ] 


05,1 




31)0 




6187 


totUB 


0170 ] 


35.-) 




SRI 


■08S 


6100 


Xftrifc 


0163 I 


41HI 


6-120 


-085 


6800 



Witii the same displacement an inciease of the aiee of the midship 
section vill cause finer lines at the extremities, and give more room 
below, at that part of the Teesel abont which the section is placed ; 
bnt &e farther consideration of this snbject is more immediately 
connected with the form of the mtdthip teetion — which demands 
most careM attention, as to a great extent this governs the shape 
of the vessel for at least scone distasoe before and abaft it, and to a 



)vGoo<^lc 



OONSTKrOTION. 17 

very great extent the rolling, direct resistance, lateral reeiatMtce, 
and Btabilit; are affected by the form of tbe midship section. 

The breadth at the load vrater line has been mentioned as the 
only dimension in this respect usefiil to the constmctor, because so 
long as the vessel is upright this is tbe only breadth iucloded in 
his-caiculation. Opinion is much diyided as to whether the greatest 
breadth should be above, below, or at the load water line. Theory 
is very decided in fixing it at the latter paint. Sir W. Symonds, 
a late Sorreyor of the Ifavy, considered that the broadest place 
shonld be from six to eight inches above the water, and others whose 
experience demands the greatest attention, declare that greater sta- 
bility is obtained when the main breadth is above the water line. 
It is perfectly true that a vessel with increased breadth ont of water 
will be more stable than a vessel withont the increased breadth, bnt 
it is obvious that the breadth will be more serviceable if it is always 
immersed, instead of being brought into action only when the vessel 
has acquired a certain inclination. There are certainly many fast 
yachts, such as the ' America,' with the greatest breadth above the 
line of flotation ; but again, many others, as the ' Mosqnito,' eqoally 
sncceeaftd, are constructed on the opposite principle : hence we may 
fairly conclude that practice being divided on this point, theory 
brings the balance in &vonr of the greatest breadth at the load 
water line. 

It is desirable that very httle change of form shonld follow a 
slight inclination, as the constructor may then rely that within the 
limits of that inclination at all events his vessel will possess the 
qualities his calculations refer to ; that part of the midship section 
which is immersed, and that which is immersed when the vessel 
inclines about 10 d^rees, should therefore be as nearly ahke as 
possible ; this is sometimes not consistent with the shape of the 
section of a yacht, but the constmctor should nevertheless bear it 
in mind when it is practicable. Proceeding downwards, the midship 
section may be drawn of such form as the experience or fiincy of 
the designer may suggest, remembering that the vessel moves by 
displacing the water, and as the depth increases each particle dis- 
placed has to move an increased column of water, and that therefore 
it is advisable to make the section very fine towards the keel, leaving, 
however, sufficient room that the ballast may be stowed as low down as 
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possiUe, and not forgettmg that it is desirable to liare good room 
at'the cabin floor. As the form of the other sections partakes to a 
considerable extent of that of the midship section, it is particularly 
important to give it snch a ehs[>e that the whole side of the vessel 
may present the greatest possible amoont of lateral resistance witli 
the least direct resistaoce. To ensure this, a gradual tomUe home 
&om the water line npwards is to be leconmiended, as the vessel 
will, when inclined, thus present a considerable part of hei lee side 
perpendicularly to the water ; and moreover hj tmnUing home, the 
topside, that part which is just above the water, is made to assimi- 
late more nearly to that iromediately below, which, as before stated, 
is desirable. 

The tumble home will also to some extent prevent the water 
appearing on deck so soon when the vessel is incUned ; but by car- 
rying to too great an extent, some of the nsefal room on deck is 
sacrificed. 

Load Watsb Ldtb. 

The ratio of the area of the load water line to the displace- 
ment, area of midship section, and circnmscribing parallelogram, in 
several well-known yachts, is given in the following Table, where 
W is the area of the load water line, D the displacement in cuUc 
feet, M the area of the midship, section, I the length, and h the 
breadth. 

The last colnmn only appears to follow any regular law, and 
from it we find that the average proportion of the area of load 
water line to a circnmscribing paralleli^Tam is for the cntt«rs '734, 
for the schooners it is * 7423, the general mean being ' 737 ; bnt 
extracting the best yachts, the average is ■ 7021. We may therefore 
conclude that '7 is a good proportion, as some of the vessels in- 
cluded in the following Table are old-&shioned, and have a greater 
area of water line than is nsnal in yachts constructed more recently. 
By increasing the area of water line the resistance and stability are 
increased, but the further consideration of this point is more appli- 
cable to the qneetion of the form of the load water line, and on 
this subject attention should be given to the great change made 
within the last few years. Formerly it was thought necessary to 
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YiuMi! Saoea. 
Mazeppit 

Gieam 

Calypso* 

BomuluB 

Bine-eyed Maid 

ZaleibB 

Thonght* „ ,. 

Cy^et" . 

Priaceea Olgft . , 

Daontleas 

Dolphin . 

Emerald* ,, .. 

Tern 

Hnsquito' 

Nautilus' 

Dr«am ., 

Pearl* 

Dwarf 

Kite 

■Coquette 

Anonyma 

Watecwitch* 

Prince de Nentchatel . 
Royalist 

America* 

Kary Taylor* .. . 

Titania 

Brminift* 

Fair Bosamond* .. 

Xari& .. ,. .. '. 



■1755 
■1659 
■2029 
■2310 
■1578 
■2141 
■3*50 
■1710 
■1975 
■2635 
■2725 
■199* 
'1922 



11039 

9^000 
9^085 
9^5l>6 
9^820 
7-274 
9 138 
9-883 
8-566 
9 559 
7-12* 
13-791 
11-402 
10-422 
9-220 
11-276 



13-000 
9^700 
16-42* 
13-007 



11-424 
11-728 
11-812 



liave a foil water line forward ; with a high and fall deck, the maat 
stepped well forward, and the weights being thtis concentrated 
nearer the bow, a full water line was required to carry these weights 
and to orercome their momentum in pitching. 

For some years there has been a tendency to make the bow finer, 
and to reduce the pitching by making the bow l^hter, and with- 
drawing all the weights more towards the middle of the vessel. 
Oeneral attention has now been directed to the advantages of the 

2 
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fine enttanoe; it is fonnd that the resistance b^ng diBBeminated 
OTet a considemble portion of the length is greatly condncive to 
velocity ; that instead of forcing a large wave immediately about tlie 
stem, and thns increasing the direct icaistance, the fine bow creates 
a Borge at some distance abaft, and althongh this causes some in- 
creased resistance to progressive motion, yet it also increases the 
resistance to lateral motion ; that the vessel is not so liable to be 
struck hearUy by a sea, as she offers an obhqne mde to the action of 
the wares ; and that she will ride mnch earner at anchor, because 
the seas instead of striking her bloff bow are split by the finer one. 
On the other hand, in adapting the sharp \mter line to sea-going 
vessels, considerate care is required in adjusting the weights on 
board BO as to reduce thdr momentum in pitching. 

There are many persons who still think a bluff bow desirable, 
nor must it be forgotten that, apparently, theory indicates such a 
form as correct The experiments of Colonel Beaufoy, made at the 
latter part of last century, hare been received as conclusive proof of 
the &ct that there is less resistance offered to a body in its passage 
through the .water with its more obtuse end towed forward, than 
when its position is reversed, and the smaller end towed first. Id 
these experiments a block model was made of certain dimensions, 
and secured to a bar by which it was immersed some considerable 
distance below the sor&ce of the water, and in this position it was 
towed at various velocities. Now, although the results of the expe- 
riments are conclusive enough bo &r as they go, still as the whole 
machine was onder water, the increased resistance due to the surge, 
raised above the water line at the bow, in a vessel is wholly omitted ; 
yet this increase of resistance must be very greats and would most 
probably be found to vary directly as the blnfihess of the bow in- 
creased, and the practical utility of the series of experiments is 
therefore almost nullified. Take for example 
the model D a with the fuller end D for- 
* ward, the reastance at eight knots per hour 
is 43-47 lbs., but with a (the finer end) 
fonrard it is 43-62 lbs. The models were one foot deep, and 
were immersed six feet below the surface: the pluB pressure, or 
actual resistance on the bow, deducting friction, &o., when D is 
forward, was found to be 35 ' 34 Ibe. ; and assuming that the bow 
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surge would cause an additional pressure to tlie extent of i 



3^ pins preesnre vhea a is forward was found to be 30 ' 67Jbs. 
Therefore we hflye in this case a total resistance of 43 ■ 62 H 5 — 

= 47 ' 45 Ibe., thus reversing the results of the experiments. 

Other experiments made in England and al^oad, at yariotui 
times, are said to prove the eaperiority of a full bow ; bnt there 
certainly is some error in the reenlts, or in the mode of conducting 
the experiments, becanse the results of practice are so invariably of 
an oppofflte tendency. Even in river steamboats, where &om the 
smoothness of the water, and the manner of applying the propelling 
power, we might naturally be led to expect a complete and satds- 
&otory confirmation of the advantages of the theoretic water line, 
we 6nd that, casteris faribus, the finer lines are productive of greater 
yelo(i^. In yachts this has long'been admitted, and now that the 
quahties of sea-going vessels have been well tried by the competi- 
tion between the passenger vessels to Australia, America, and other 
countries, the stoutest advocates of the old blufT bow hare been com- 
pelled to change their system. 

Wiere speed is the principal object it would seem that a slight 
hoUow or concavity may be given to the water lines forward. The 
* Mosquito,' ' America,' and other fast yachts are successful examples of 
this peculiarity : the extent to which the hollow may be carried has 
not been so satis&ctorily determined ; some recently-built yachts 
with an exaggeration in this respect appear not to hare answered 
the expectations of their constructors. The ttraight of breadth, or 
that part of the side where the greatest breadth is extended for 
some distance lengthmtys, is now seldom seen in yachts, the water 
lines gradnaDy increasing in breadth from the stem to the place of 
the greatest beam, and thence gradually receding towards the stem, 
the after part seldom having any hollow ; for although a full ^ter 
body may be injurious to speed, it is found not to be bo much so as 
a fall bow, and as the body must be placed somewhere, the load 
water line aft is generally made fuller than at the bow. Finally, 
the constructor should, when forming the water line, keep in mind 
any peculiarities of his vessel, either as to the disposition of the 
weights on board, the rig, or the room required below. 
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The angle made by the load water line witli the middle line of 
the half-breadth plan in a few good examples is as follows : — 



TufaU- NuDO. 


Angle of ludWiterLliM 

Forwuri. 


Angle of Lokl Water 
LlmAft. 


Anroia BoTMlia .. ■■ 

Amerioft 

MMyTa.ylor 

Mosquito. 

Veep^ 


^* 1 ins. hollow .. 

161 7iq«. „ 

20 2 in*. „ 

171 2inB. « 

24 straight .. .. 

13 8 ins. hollow .. 

20 Btcs>iglit .. .. 


SS'ioond. 

28 straight. 

45ro™3. 

50 „ 

23 square tuck. 

28 Btr&ight. 



CeNTBE 07 GbATTTZ 07 DlSPLAOEHENT, 

The position of the centre of gravity of displacement is of great 
importance ; it is therefore very desirable that the constmctor should 
have snfficient data on the sabject to enable him to determine its 
position. From the Tables of Constmction we find that th^ dis- 
tance of the centre of gravity of displacement &om the foremost 
extremity of the load water line varies very considembly in good 
yachts. The distence is Irom '53 to '49 of the length iu schooner 
yachla, the former quantity being foond in the best examples, 
' America,' 'Mary Taylor,' and others. For cutters this is quite 
as variable, from '54 to '47 ; but iu the best and iastest yachts, 
such as the ' Pearl,' ' Mosquito,' &c., it closely approaches the 
former proportion. 

Taking eight of the fastest vessels, the average distance is '52. 
In comparing the position of this point it should however be recol- 
lected that its apparent position is much affected by the raking 
stem-post. 

The centre of gravity^ of displacement must not be confounded 
with the centre of gravity of the ship, the former being the centre 
of the fluid displaced by the immersed portion of the vessel, and 
ascertainable by calculation, whilst the latter is the centre of the 
whole machine, hull, sails, ballast, ropes, &e. The centre of gravity 
of the whole vessel cannot be accurately ascertained, but when the 
vessel floats upright its poaition as to length and breadth will be in 
the same vertical as iu the centre of gravity of displacement. M&ny 
experiments have been made with the view of finding its position 
as to height, the results showing that in vessels of war it may be 
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estimated at aboat ax inchea above the load water line ; for a yacht 
it would probably be lower, and in snch a yesael, if we aaBtune it to 
be at the load water line, we shall meet likely be bnt little from the 
truth : this is however merely conjectural. The centre of grayity 
of displacement is the centre from which the reesel oscillates longi- 
tndinally, and the greater or less Tiolence with which she will pitch 
at sea depends on the adjustment of the weights on board, and on 
the position of the centres of gravity of displacement of the fore and 
aflier bodies, in relation to the centre of gravity of displacement of 
the ship. No role can be Uud down for the proper relative adjust- 
ment of these centres, as it depends upon the concentration or 
diffusion of the weights composing the whole displacement, whether 
they are nearer to or &rther trom the centre of gravity of dis- 
placement; bnt generally when l^e bow and stem are built of 
light material, the mast or masts near the middle, and the ballast 
and other weighty matters kept from the extremities, the centres of 
either body may be nearer the common centre, and viee verta. 

Mr. Fincham, the constructor of many large schooner yacbte, is 
of opinion that the centre of gravity of displacement should be con- 
siderably before the middle. In treating on this subject he says, 
" The particular condition aimed at in the alterations which were 
made in gnceeasive constructions was, excellence in the genial mo- 
tions of the vessels at sea. To effect this, the relative position of 
the centre of gravity has been determined farther forward by in- 
creasing the fulness of the fore body forward at the lower part ; the 
limit may not perhaps have been determined yet." He then goes 
on to prove this assertion by accounts of the performances at sea of 
several schooner yachts constructed by him, and shows that ease at 
sea was obtained in proportion as the folnees of the fore body in- 
creased. But he has omitted the most important consideration of 
speed, and the ease at sea may not be attributable so much to the 
fulness forward, as to the consequent slowness of the yachts quoted 
by him in support of his views : for it should always be recollected 
that a slow vessel is pretty sure to be easy and dry at sea, because 
she does not strike the seas with so much force as a &st vessel. 
No praise can be higher than that given to the 'America ' by her crew 
^ter a voyage up the Mediterranean, yet her centre of gravity of 
displacement isfour feet abaft the middle, and in her we bad speed 
combined with sea-going qualities to a remarkable degree. The 
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' Mary Taylor,' if report is to be believed, is eminently easy and 
last at sea, witli tbe centre of gravity three feet abaft the middle. 

The position of the centre ot gravity of displacement may there- 
£}re be estabbehed at about - 02 of the length of the load water line 
abaft the middle, when the vessel is fitted and rigged in the ordinary 
manner; and withont great attention to the adjnstment of the 
weighto on board, the cnstomary proportions shonld not be departed 
&om. 

The Inclined Water Line. 

Of coarse the form of that part of a sailing vessel immediately 
above and below the water line, whiob is immersed or emersed when 
the vessel inclines, shonld demand as much attention ircaa the con- 
structor as the form of the load vrater line itself, for unless the 
several centres of gravity maintmn the same relative positions after 
the inclination, the constmotor's care in designing his vessel is ren- 
dered nearly useless. If the bow is too full above water, the 
inclined line may present a very bluff opposition, although the hori- 
zontal lines are suffiaently fine : this is particularly remarkable in 
vessels with very hollow water lines near the bow ; and for this 
reason such yachte are found to siul well when they are kept np- 
right, or in light winds ; but upon the breeze freshening, or when 
opposed to a head sea, they lose their advantages. The constructor's 
aim should be to give the inclined water line the same form as he 
thinks dcfflrable for the load vrater line when the vessel is upright. 

When a surge is formed on the lee bow the resistance to lateral 
motion is increased forward, uid if the centres of efibrt, and of ver- 
tical longitudinal section, were properly adjusted before this surge 
was made, the balance is destroyed afterwards, and the resultant of 
the resistaace passing fattJier forward, the bow will have a tendency 
to fly up to the wind, or rather the stem will drive to leeward 
faster than the head — this is one principal cause of a vessel carry- 
ing a weather helm — and the surge increasing as the speed and 
inclination, unless the balance be restored by a readjustment of the 
proportions of fore and after sail, the vessel will require more 
weather helm to keep her in the line of her course ; but if this 
surge can be made to approach nearer the middle of the vessel its 
effect in turning her will not be so great. This can best be effected 
by having a hollow wator line forward ; but a difficulty here pre- 
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seute iteelf, inaamooli as we require that the horizontal lines abora 
water forward should be of snfficient fohieae to afford room on deck, 
and alao proper BQpport to the veesel, and prevent her ^nnging 
into the wares. 

It is for the constmctor to reconcile these opposite conditiofis ac- 
cording to the requirements of his vessel Generally a schooner is 
supposed to require rather more fdnees above the water line than a 
cntter, <m account of the additional weight of her fbre-mast. 

The inclined water line at the stem, if made too fall, will cause 
a large wave to be dragged along with the vessel on her quarter, 
producing the same effect as if a boat or some heavy mass were 
towed from the lee quarter, and thus giving the vessel a lee instead 
of a weather helm. In the ' Cygnet ' this was very remarkable ; in 
&ct, when heavily pressed she would " run off her helm " to an 
absolutely dangerous extent; the wave in question occasionally 
rising level with the rail, and even coming over the bulwarks. To 
remedy this defect I altered the stem as shown in Plate 6, and the 
result was highly satisfactory in every respect ; the obnoxious wave 
disappeared, leaving the vessel iar more handy and obedient to her 
helm. 

The ' Mosquito ' and many other yachts are remarkable for this 
- defect, the canse of which may generaUy be detected in the fulness 
of the inclined water line ; but it does not always follow that the 
vessel is too full above water. If a part of the fulness were taken 
away the vessel might only drop fiirther into the water when 
pressed with sul, and the evil might be increased rather than 
diminished. 

This wave must not be confounded with another wave which is 
formed just astern, and follows the counter, th^ appearance of 
which may rather be taken as a proof that the velocity is great^ and 
we may conclude that, although not a necessary consequence, it is 
an indication of great speed. The extent of tho following wave 
will much depend upon the proportion the l^eadth bears to the 
distance from the main breadth to the st^m, and it will be more 
remarkable when the draught of water is small, and the centre of 
gravity of displacement is farther aft, or when the after body is 
full Of course it must be disadvantageous to velocity when a 
mass of water is dragged after the vessel ; but it seems probable 
that the stem wave will always be present in vessels of a certain 
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constrnc^D, yrhem a high Telocity is acquired, even ihoagh the 
veeeel is apright, ae in the case of the fiist river steamboats ; and 
ve may probably accept the appearance of this vave as a proof 
that the resistance forward is sufficiently small to allow of a certain 
speed being obtained, aa indicated by the wave : if so, this formid- 
able following surge is not so detrimental as at first sight wonU 
appear ; nererthelees, it is desirable to reduce it, if possible, as a 
mass of water cannot be set in motion without some power ex- 
pended, and this poww must he derived bom the veesel, as the wave 
is occamoned by the water rushing to fill up the hollow space left 
by the vessel in her passage tlirongh the water. It must be teecA- 
lected, however, that the two waves are quite distinct, — the stem 
surge will always be present to some extent when the vessel has 
acquired a c^dain high velocity ; but the generation of the quarter 
wave may be prevented by care in demgning the immersed water 
line ; and by comparing it with that of other yachts known to 
leave the water cleanly. 

SlABlLlTr. 

It is usual in treatises on Naval Architecture to occupy mncb 
space in giving rules for measariug the stability of a vessel by cal- 
culating the height of the metacentre above the centre of gravity. 
The position of the metacentre can always be found, though the 
calculation is somewhat laborious ; but as it is practically impossible 
to ascertain the position of the centre of gravity of a vessel, it is 
useless to ascertain the position of the metacentre ; besides which, 
if we knew the position of the centre of gravity it would stiD be 
necessary to calculate the metacentre for every inclination to which 
the vessel may be subject ; an operation tax too difficult and hibo- 
rious to be undertaken when its resulte are of such very doubtful 
value ; we must therefore be content to take care that the breadth 
of the vessel, and the position and weight of the ballast are such 
as by compatisou with other vessels are likely to ensure sufficient 
stability. 
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THE EUDDEK. 



With respect to the rudder, the size, shape, and mode of anapenmon 
are to be considered. There is this ohrioos advantage in a wide 
mdder, t^t when not in action it certainly does no harm ; in &tit it 
rather increases the lateral resistance, and that when it may be ne- 
cessary to torn a vessel sharply, it is of very great advantage ; bnt 
ihexe is a limit to the -width, as a vide rndder is likely to he otmried 
away when a vessel gathers stem-way in a heavy sea. The width 
of the rndder perpendicular to the stfim-post shonld be ahont one- 
twentieth of the length of the vessel : bnt for smooth-water vessels 
it may be made wider. 

It has lately been the fashion to ronnd off the rndder at its lower 
after part, bnt there appears to be no reason why the rndder shonld 
not be of the same width for all its length below the water line ; in 
&ct, it seems reasonable to suppose that the lowest part of the rnddra 
produces the most ^ect, as the water passes by it more freely and 
nndistnrbed. As &r as I have been able to ascertain, the sole reason 
for thns rounding off the heel of the mdder is, that some old timber 
ship is said to have steered much better on one particular voyage 
after the lower part of the mdder was carried away. 

The square-headed rodders generally in nse are weak and clumsy ; 
the head is cut away for the pintle and brace, so as to reduce a bm- 
inch mdder head to the strength of one of six or seven inches, and 
the mdder trunk is necessarily large enough for an ordinary-sized 
man to tumble through. By substituting a round head of less dia- 
meter, and letting the main piece run down in such a manner that 
the pintleB and braces are scored into the chocks, the mdder is at 
once stronger and neater in appearance. 

Many calculations have t>een made to ascertab the precise angle 
at which the mdder produces the greatest effect, but as hitherto 
made they seem to be erroneons, as they assume the mdder to be a 
plane, moving freely through the water ; but it is certainly nothing 
of the kind. 

Whenever the mdder is moved out of the line of the vessel's 
vrake, there is a mass of water stopped in the angle between the 
mdder and the deadwood : this body of water then becomes the effec- 
tive sur&ce, and neither its volume or shape can be ascertained, nor 
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an idea of its actioD formed : bence any calctilstioiiB fbnnded on the 
assniapticKi that the mdder is a plane, tevolving on the stem-post, 
most from theii feUacioDS premisee lead to deoeptiTe and wrong 
conclnsions. 

This is a point of consideiable importance, and I ma; be excused 
for wandering from the more immediate Bubject, to obserre that the 
hole in the deadwood of a screw eteamer most undoubtedly affect 
the steering to a great extent, as thereby the mass of water before 
allnded to is prevented from accnmnlatiQg, and the yeesel is acted 
upon by the raddei alone. This point has escaped the notice of 
writeis on Naval Architecture, at least I have nerer Been it men- 
tioned ; practically it has poBsibly bees noticed in the case of the 
river barges on the Thames, many of them having a large piece 
taken out of the deadwood for the purpoee of aaasting the steering. 
Ab this is the result of experience it affords a strong confirmation of 
the truth of these remarks. 

The yacht owner should not be hasty in altering his vessel on 
account of bad steering. Many vessels require " bumooring," in 
order to make them steer and Btay properly, and this can only he 
found out by experience. Others may require a slight alteratioii in 
the trim or arr^igement of soil, but as yachts are usually built th^ 
can always be made to steer and stay tolerably without any serious 
alterations. I was once consulted about a yacht as to improving her 
sluggishness in stays, and recommended an additional six inches to 
the width of the mdder. This only increased the evil, for whereas 
the vessel stayed slowly, but surely, before the addition, she now 
invariably flew bead to wind when the fore-sheet was let go, I then 
found that the rudder completely stopped her in ttie time she was 
going about, and conseqaently the main-sail forced her head to wind 
before she could gather sufficient way to enable the mdder to coun- 
teract this effect. But by moving the rudder gradually and not 
entirely over fo the side, and by not allowing the fore-sail to draw 
aback, the veesel did not lose hei way, and became not only certain 
but quick in tacking. This is merely mentioned to show how easily 
a yadit owner may be deceived, and may he led to attribute some 
apparent defect in the working to the vessel, instead of to the care- 
8 of his crew. 
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'When a vesael is in motioQ we may cooeider her as acted apon by 
two forces — the preaaore of the wind on the sails and the resistance 
of the water on the hnll — for the present purpose neglecting the 
effect of the wind on the hnll and rigging, and the resistance of the 
air, and conadering the pressure of the wind and the lesistance of 
the water to be each horizontal. Now in accordance with a well- 
known principle in mechanics, the pressure of the wind on the siuls 
may be resolved into two forces : one parallel to the middle line of 
the Teasel, the other perpendicolar to it. Now the reeolred part 
of the pressnre of the wind parallel to the middle line will be in 
eqnihbrinm with the reeolTed part of the resistance parallel to the 
middle Hne, and will, snbject to certain modifications hereafter re- 
ferteil to, be employed in fi>rcing the vessel ahead. With these 
resolved parts of the forces we have nothing Airther to do at present, 
but proceed to treat of the resolved parts perpendicular to the 
middle line, which in accordance with another well-known principle 
in mechanics may be considered to be collected at one point, which 
is called the ce?>^e 0/ e^or/ ; and the resolved part of the resistance 
perpendicolar to the middle line may also be considered to be col- 
lected in one point ; and this point is called the centre of lateral 
resistance. It is then obvions that, unless these two centres are in 
the same vertical, the vessel will have a tendency to torn aboat some 
vertical axis. Thus, if the centre of effort is before the centre of 
lateral resistance, the vessel will have a tendency to Ml off &om the 
wind ; if the centre of effort is abaft the centre of lateral resistance 
she vrill have a tendency to come up into the wind. Of conise these 
tendencies can within certain limits be counteracted l^ the mdder, 
but still it is necessary so to arrange the centres that these limits 
shall not be exceeded, and also so as not to require the mddei to be 
too mnch ont of the line of the vessel's oonise, as it is evident that 
the rudder when not in the line of the course mnst tend to stop the 
vessel. Theoretically, the rudder ought to be exactly in the line of 
the course, bat for some reason not well understood, it is certainly 
better in practice that the mdder should be a httle to leevrard of 
the hue of the course, or in other words that the vessel should carry 
a little weather helm. 
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If shoold be obserred that althongh tlie sails are neret in the 
middle line of the veesel, nor exact planes, still tlie ceotie of effort 
is always calculated as if the sails were planes, and in the middle 
line of the yeesels. Theoretically alsOj we hare no means of ascer- 
taining where the centre of lateral resistance may be, bat it is 
always taken to be at the centre of the vertical longitudinal section 
immersed ; and though there is Uttle or no reason to anppoee that 
-these are the real centres, still it is probable that for Teraels of the 
same class these centres preserre a fixed relation to the real centres, 
and therefisre that by comparing the rehttive portions of these 
centres in different reesels we shall obtain a tolerable idea of the 
rehttive positions of the real centres. It will be seen by reference 
to the following Table that this is the fact, and tbat in ordinary 
vessels the centre of effort is nearly in the same position with 
nepect to the centre of gravity of longitodinal section immersed. 



Veaper, cutter* : — 

Pour luge eails .. 

Three wortdog «*il8 . 
Caljpeo, sloop* 
OvKDet, Datter ; — 

SVkit Ivge sails .. 

Three iroikiDg sails . . 
Moaquito, cottei f : — 

Four large aula .. 

Throe working aaila . 
America, ■ohooDei' ; — 

Tbreewils 

Muy Taylor, sohoooer :- 

Tbteaeuls.. 

Falcon, ahip 

Titsnia, sohooner .. . 



j Lead WUr 



■ TtM'VeqHi'iuul'Cilljiwo' blve 



GT ihe nqvind Toy lit 



These examples are sufficient to show the relative positions of the 
centre of effort and centre of vertical longitudinal section. Of the first 
four vessels in the Table, excepting that the ' Yeeper * xai ' Calypeo ' 
carried rather more weather helm than was desirable, they were 
well balanced, remarkably qoick in stays, and sailed well on a wind. 
It would appear that as the raze of the veeael increases, the centre 
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of effort may be made to approocli forward towards the c^tre of 
vertical longitudinal section, and even pass before it. It seems tliat 
for schooner yachts when their working e«uls are set, the centre of 
effort should come at about from * 006 to - 01 of the length of the load 
water line abaft the centre of vertical longitudinal section. This 
proportion may be rather increased for cutters to ' 02 to ' 05 of the 
length of the load water line. 

The height of the centre of eSbrt above the centre of gravity of 
the vessel, multiplied by the area of the sails, gives the moment 
exerted in causing the vessel to incline from a vertical position. 
As, however, the centre of gravity of the vessel cannot be ascertained, 
the haght of the centre of effort above the load water line is 
generally taken instead. In determining the size and height of 
sail after making the req^nisite calculation of moment, tiie con- 
structor must attend to the shape of the vessel, and manner in 
which she is ballasted, and mnst be guided by his experience and 
by comparison with other known vessels. If yacht builders could be 
induced to pay more attention to the very important point of a 
proper arrangement of masts and sails, we should not have so many 
vessels compelled to shift or reduce their spars, to the great annoy- 
ance of the owner. The 'St. Ursula' was found to pitch excessively, 
and with the view of rectifying this defect her masts were consider- 
ably reduced, but the remedy was very partial in its effect, as the 
real fault in all probability consisted in the position of the fore- 
mast, whidi was placed just ovot the forefoot : of course it was 
placed there by rule, but the &amer of those rules never contem- 
pUted such a sharp entrance and raking stem as was given to the 
' St. Ursula." 

The shifting of a mast is an extensive alteration, as it g^ierally 
involves the removal of a great portion of the calnn work, and 
therefore any Uttle additional trouble in arrangmg fjhe masts properly 
at first more than counterbalances the trouble and expense attending 
their mal-pwition. We seldom find a schooner that will work even 
tolerably well with all her fore-and-aft sails set, when she floats at 
her constructed water line, simply because the centre of effort is not 
near the centre of revolution. "When this is the case some of the 
canvas cannot be set, or the vessel must be trimmed till the water 
line is different from that intended by the designer ; in the first case 
she has her wings chpped, and in the second, the most perfect form 
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may be made mferior from defectiye mastiDg. In the 'Titffliia' 
(So. 1), as deeigiied, the centre of eSbrt was 4 feet 6 inchea 
before the centre of longitudinal section, in opposition to every 
established precedent; bat after she was launched, by trimming 
the vessel and adjusting the sails, the centre of effort was brought 
to 1 foot 8 inches abaft the centre of longitudinal section. 

The captain of the ' Alarm ' remarked that his vessel almost inva- 
riably vent to windward better after the jib was taken off. This is 
easily acconnted lor, as the addition of the jib to the three lower 
sails of the ' Alarm ' brings the centre of effort from 5 feet abaft 
the middle of the water line to 5 feet 6 inches before it. Thus 
assuming the vessel to be well balanced without the jib, we find the 
moment to turn the vessel on her longitndinal axis of rotation with 
three sails is 2894, and with the jib added it is 71928 ; the effect 
of this must be counteracted by the rudder, which is of course very 
prejudicial. It is by no means certain that a large fore-and-aft 
schooner would not sail as well as a cutter, but in order to ensure 
the result, the arrangement of sail of the schooner reqniree great 
nicety, so that the balance may not be disturbed when more or less 
canvas is set. 



AKGLE OF SAIL. 

The angle which the effective snr&ee of each sail makes with the 
line of the keel, when the vessel is on a wind, should be carefully 
considered and arranged. To ensure unity of action the sails 
should be trimmed, so that the wind may strike each of them in 
the salne direction, otherwise some part of the propelling power is 
wasted. The proper angle to which the sails should be braced 
depends on several circumstances, — the form of the vessel, the force 
of the wind, and the state of the sea; all have more or less inffuence 
in this particulto*. Don Juan, in treating of this subject, endeavours 
to prove that in sailing to windward in hght weather the yards of a 
ship should be braced to an angle of 28 d^rees with the keel, and 
that in vessels adapted for swift sailing this angle should be consi- 
derably less. His vessda were probably very fiJl at the bow. 

In the ' Moequito ' the boom generally formed an angle of about 
10 degrees with the keel in light winds, a line drawn from the jib- 
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tack to the sheet-hole made an angle of 8 degrees, and the angle of 
foot of the fote-sail was 12 degrees : but the foot of the jib standing 
above and away from the sheet-hole widened the above angle, and 
although the boom made bnt an angle of 10 degrees, yet the head 
of the main-eail of coarse flew off to a greater angle, and very 
probably the eflective angle of each sail was abont 13 or 14 degrees 
with the keel. 

Where the resistance to progressive forward motion Ib 'smaller in 
proportion to the lateral resistance, or in other words where a vessel 
is sharp and deep, the sails may be sheeted to a smaller angle, be- 
cause the vessel is more easily acted apon by that part of the wind 
which tends to force her ahead ; but when the area of lateral resist- 
ance is small, and the vessel is less adapted for swift sailing, if the 
angle of the sail is too small the resolved part of the wind exerted 
in forcing her ahead is not sufficiently large, whilst the resolved 
part forcing her to leeward is too large, and consequently she goes 
to leeward : hence it is that the sharp deep clippers will bear their 
sheets being penned more, and will sail nearer the wind than the 
shallower vessels ; the Iatt«r, if well constructed, being sometimes 
able to make np by their speed on the reach what they lose by not 
holding so good a vrind. The builder should alvrays take care that 
the jib-sheet holes and the bolts for the fore-sheets are so placed 
that the sails can, when required, be made to assume similar angles 
with the middle line ; and the ovmer of a yacht already built should 
look to this himself, for it is generally disregarded by the bnilders, 
and even by tolerably good sailors. Hence vessels are frequently 
seen with their sails standing at very different angles. The fore- 
sail is unquestionably the flattest sail of a cutter, and yet it is con- 
stantly complained of as not standing ; the truth is that the sail 
being shorter, and the vessel being widest neat the fore-sheet, the 
fore-sheet bolts are nsoaUy so fJaced that the sail makes a much 
ho'ger angle than any other sail with the middle line. 
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MASTS AND SPAES. 

The area of sail and coneeqaeatly the length of the maats and 
spars of any particulai Teasel must depend npon the ability of the 
vessel to carry canvas, or her stiffiiess. This stifineee is produced 
in two ways, first by the size and form of the vessel, and secondly 
by the arrangement of the weights on board. As a general role 
the stiffiiess or power of carrying sail is increased by increasing 
either the length or breadth of the vessel. It will also be increased 
by lowering the centre of gravity of the vessel, and as the deeper 
a vessel is, the lower the centre of gravity generally will be, it may 
be supposed that the stifTness will be increased by increasing the 
depth. As therefore the stiffness and consequently the power of 
carrying sail is affected by length, breadth, depth, form, and dis- 
position of weights, it is obvions that any tables of proportions for 
spars calculate as they generally are from one or at most two 
linear dimensions of the vessel must be very fidlacious. Moreover 
in the actual example given in published works nothing more is 
stated than that a certain vessel was built and had certain sails 
made for her, leaving it nncertain whether she carried all of those 
sails, or how she answered with them. The only rational method 
of mastmg or sparring vessels is to take other nearly dmikr vessels 
whose performances are known, and to consider in what respect the 
intended vessel is likely to differ from the previous vessels, and to 
arrange the masts and spars accordingly. But without very con- 
siderable experience it would be impossible to proportion the masts 
by this method. Therefore, with the view of assisting the amateur 
in this matter, I have constructed the following Tables of proportions 
of spats which are to some extent dependent upon those dimensions 
of the vessel which affect the stability. 

Having calculated the moment of s^ and height of the centre 
of effort for several yachts, of which the necessary particulars were 
known with sufficient accuracy, I endeavoured to ascertain whether 
any connection existed between these elements and the dimensions 
of the vessel, on which the stability mainly depends. I found that 
the product of the area of the load water line (I xh x'7), and the 
area of the vertical longitudinal section immersed {I x h), gave a 
coefficient according to which the moment of sail varied with 
tolerable regnlarity. 



)vGoO'^lc 



UASTINd 80H00NE& YACHTS. 



MASTING SCHOONEE YACHTS. 
In constrnctirig the Table for schooners' spars I have assamed 
that the main-sail, fore-sail, and lbre-st«y-8ail are the sails which a 
scboonet yacht can, or ought to, carry well, when the wind trsTels 
at the rate of twenty miles per hour, equal to a preffimre of 2 Iba. 
per square foot, according to Smeaton's ezperimeDts. The formula 
for workii^ the Table will therefore be 
(/ X & ' 7)<f X A) = the coefficient ot number in the Srat coIiuqq of the Table. 

Thus as an example :— ,„f^ ,^k, ^^ 

ft. in. ft. In, n. In. 

Length ofloftd water line (0 .. 70 70 65 8 

Breadth at ditto (i) 18 6 18 6 16 

He&n draught of water (A) .... 9 76 76 

ft. ft. in. ft, ft. CDcffldeol. ft. 

Ist ei. (70 X 18-6 X -7) (70 x9 )- 571095— length of main-maet s S5-4 

End „ (70 X 18-6 X -7) (70 X 7-6) = 475912- „ „ = 52-6 

3td„(65-6xl6 X ■7)(65-6x 7-6) = 860081— „ „ =49-4 

The corresponding lei^hs of mast &om Mr. Fincbam's book are 
50 '9 feet, 50 '9 feet, and 44 feet. The advantage of the proposed 
method is, that any alteration in those dimensions on which the 
stability of a vessel is principally dependent is met by a correspond- 
ing alteration in the length of the spars, and consequently in the 
area of the sail. 

The proper position of the masts is a point of great importance, 
and is determined by the position of the centre of effort ; bnt aa the 
rake of the masts varies considerably, it will be necessary to fix 
the place of the mast at the height of the centre of edbrt, and not, 
as is usual, on the deck or water hne. As a general rule the 
height of the centre of effort may be taken at half the bounded 
height of the main-mast above the water line, and at this height 
the main-mast should be placed at one-tenth of the length of the 
water line, abaft the centre of vertical longitudinal section immersed, 
and the fore-mast at * 344 of the length of the water line before the 
main-mast. The distance from the fore-mast to the fore-stay at 
the above height varies according to the rake of the masts, bat in 
vessels having the greatest rake this distance is equal to that 
between the masts. When the m^ta are more nearly perpendicular, 
this distance gives a very equilateral stay-sail, which is at least, 
unfoshionable, and it may therefore be desirable to reduce the above 
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In tlie Tables the length of bowsprit end from the fore- 
mast ie given, which ia the only determinable limit I conld decide 
upon, as it is ridicnlons to attempt Bxing the length of bowsprit 
without knowing the distance of the bitta from the 8t«m, besides 
the other particulars in each case. The proportions in these Tables 
nil] giye a tolerably well-shaped stay-sail, and with these dimen- 
sioDS the centre of effort of sail will generally be found to come 
very near its correct position, viz. • 006 of the length of the load 
water line abaft the centre of vertical longitodinal section. After 
the sail drawing is made, and the areas and moments calculated, if 
these centres are found to be &r from this estabhshed relative 
position, some alteration either in the area of the sails or the 
position of the masts and sails must be made, until the proper 
balance is obtained. 

Although I have given the position of the masts in terms of the 
length of the load water line, yet this may not under every circum- 
stance be a correct measure, as the relative fulness of the fore and after 
bodies nnder water shotdd have some inflnence in placing the masts. 

Pbopoetionb ahd Dimensions, or 8pabs fok Sohooneb Taohts. 
TABLE in. 



Unit 


L 


•s 


■Sja 


II 


1 


ii 


1 


itil 


% 


« ill 


1 


1 


P 


P_ 


ll 


i 


jiii 


|i ' i 


1 


100000 


2flI30 18-7 


ISfiO 


41-7 5-4 


39-6 


5-0 


16-7 33-4 


15 0, 14-4 1 28-5 14-3 


54 


120000 


31442 , 18 95 


1658 


42-2 


5-4 


40-1 


5-1 


16-9 33-8 


15-21 H-elgq., ,.,J„ 
15-4 ,4.8l291|H'6,55 


140000 


337541 19-2 


1758 


42-8 


5-6 


40-7 


5-2 


17-1 34-2 


160000 


3i;0li6| 19-45 


1854 


434 


5-6 


41-2 


5-3 


17-3 34-6 


15-6 


15-0 , 29-6 14-8 56 


180000 


38378 19-7 


1948 


4*0 


5-7 


41-8 


54 


17-6 35-2 


15-8 


15-2 j 


2roooo 


4O690 20- 


2034 


44-6 


5-7 


42-3 


5-5 


17-8 


35-6 


16-0 


15-4 30-2 15-l' 57 


220000 


43002 20-23 


2123 


45-2 


6-8 


42-9 


5-6 


180 


360 


16-2 


15-6 307| 15-4 58 


240000 


45314 20-5 


2210 


45-8 


5-9 


43-4 


5-7 


18-3 


36-6 


16-5 


15-8 ot-o'it-ft'TO 
16-0 31 2| 15-6 59 


2G00O0 


47626 20-8 


2290 


464 


6-0 


440 


5-7 


18-5 


37-0 


16-7 


280000 




2377 


47-0 


6-0 


44-6 


5-8 


18-8 


37-6 


16-9 


16-2,31-8 16-9 60 


300000 


52250 213 


2453 


47-6 


6-1 


45-1 


5-9 


19-0 


380 


171 


16-5 qg.j,fijfi, 

167 32-3 16-2 61 


320000 


54562 21'55 


2532 


48-2 


6-2 


45-6 


5-9 


19-3 


38-6 


17-3 


340000 


56874 21-85 


2603 


48-8 


6-3 


46-2 


6-0 


19-S 


39-0 


17-5 


16-9 ' 32-8' 16-4 62 


860000 


69156 22-1 


2676 




6-3 


46-7 




19-7 


39-4 


17-7 


17-4 1 33 i, ]6 7 63 


880000 


61498 22-35 


2751 


500 6-4 


47-3 


6-1 


20-0 


400 


18-0 


400000 


63810 22-6 


2823 


60-6 ' 6-6 


47-9 


6-2 


eo-2 


40-4 


18-2 


17-6 '33-7 17-0 64 


420000 


6612-2 


22-9 


2887 


51-2 6-6 


48-4 


6-3 


20-5 


410 


18-4 


III 34-4' 17-3 65 


i'iOOOO 


68434 


2316 


2956 


61-8, 6-6 


49-0 


6-4 


20-7 41-4 


18-6 


460000 


70746 


23-4 


3025 


52-4 6-7 


49-5 


6-5 


20-9 41-8 


18-8 


18-3 1' 35-o' 17-5' 68 


480000 


73058 


23-65 


3089 


53-0 


S.S 


501 


6-6 


21-2 


424 


19-0 


18-5 35-5 


"■' 


67 
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Unit 
Wx«ro> 
V. L. a. 


•s 


•3 


i 


it 


J 
t 


I 


1 

1 


I 


T 
1 


-1 






1 


i 


500000 


75370 


23-9 


3153 


53-6 


6-9 


50-6 


6-6 


21-4 


42-8 


19-2 


18-7 


35-5 


17-8 


67 


520000 


77682 


2415 


3216 


51-2 




51-2 


6-7 


217 


43-1 


19-5 


18-9 


360 


18-0 


68 


640000 


79994 


24-4 


S278 


54-8 


70 


51-7 




21-9 


43-8 


197 


19-2 


36-6 


183 


69 


560000 


82306 


24-65 


3340 


554 


7-1 


52-3 


6-9 


22-1 


442 


19-9 


19-6 


580U0II 


84618 


24-9 


3398 


560 


7-2 


52-9 


7-0 


■^2-4 


44-8 


20-1 


197 


37-1 


I8-C 


70 


600000 


86930 


25'2 


3450 


56-6 


7-2 


53-4 


7-0 


22-6 


45-2 


20-3 


19-9 


37-0 


18-8 


71 


620000 


89242 


25'45 


3506 


57-2 


7-3 


54-0 


7-1 


22-8 


45-6 


20-5 


20'1 


640000 


91554 


257 


3562 


57-8 


7-4 


54-5 


7-2 


23-1 


46-2 


207 


20-3 


38-2 


19-1 


72 


660000 


93866 


26' 


3610 


58-4 


7-5 


551 


7-3 


23-3 


46-6 


21-0 


20-6 


38-7 


19-1 


73 


680000 


96176 


26'2 


3670 


59-0 


7-5 


55-6 


7-3 


23-6 


47-2 


21-2 


20-7 


700000 


98490 


26-5 


8716 


69-6 


7-6 


66-2 


7-4 


23-8 


47-6 


21-4 


21-0 


39-2 


19-6 


74 


720000 


lW)h'02 


26-75 


3768 


60-2 


7-7 


66-8 


7-5 


24'0 


48-0 


21-6 


212 


33-7 


19-9 


75 


710000 


103114 


27- 




60-8 


7-8 


57-4 


7-5 


24-3 


18-e 


21-8 


211 


760000 


10512a 


27-3 


3860 


61-1 


7-8 


58-0 




24'5 


19-0 


22'0 


21-6 


40-2 


20-1 


76 


780000 


107738 


27-55 


3910 


62-0 


7-9 


68-6 


7-7 
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49-G 


22-2 


21-8 


40-8 


20-1 


77 


BOOOOO 


110050 


27-8 


3958 


62-6 


8-0 


59-2 


7-8 


25-0 


600 


22'6 


22-0 


820000 


] 12362 


28-05 


4006 


63-2 


8-1 


59-8 


7-9 


25-2 


50-4 


227 


22-2 


11-3 


20-b 


78 


840000 


114674 


28-35 


4045 


63-8 


8-1 


60-3 


7-9 


25-6 


510 


22-9 


22-5 




20-9 


79 


860000 


116986 


28-6 


4098 


644 


8-2 


60-9 


8-0 


25-7 


61-4 


231 


22-7 




880000 


II9298 


28-85 


4135 


65-0 


8-3 


611 




260 


52-0 




22-9 


12-4 


21-2 


80 


900000 


12I6I0 


29-1 


4179 


65-6 


8-4 


02-0 


8-2 


26-2 


52-4 


23-5 


23-1 


42-9 


21-5 


81 


820000 


123923 


29-4 


1215 


66-2 


8-4 


62-5 


8-3 


26-5 


53-0 


23-7 


23-3 


940000 


126234 


29-65 


1257 


66-8 


8-5 


63-1 


8-4 


26-7 


53-4 


24-0 


23-5 


43-1 


217 


62 


B60000 


128548 


29-9 


1300 


67-4 


8-0 


63-6 


8-4 


270 


51-0 


21-2 


237 




22-0 


83 


980000 


130858 


30-15 


4340 


68-0 


8-7 


641 


b-S 


27-2 


54-4 


21-4 


24-0 




lOOOOOO 


133170 


30-1 


4377 


686 


8-7 


61-7 


8-6 


27-4 


51-8 


24-6 


24-2 


44-5 


22-3 


84 


1020000 


135482 


30-65 


4420 


69-2 


8-8 


65-2 


8-7 


27-6 


55-2 


24-8 


24-4 


45-0 


22-5 


86 


lOMOOO 


1377B4 


30-95 


4452 


69-8 


8-9 


058 


8-7 


27-9 


55-8 


25-0 


24-6 


1060000 


140106 


81-2 


4J90 


70-4 


90 


66-3 


8-7 


28-1 


56-2 


25-2 


24-8 


45-5 


228 


86 


1080000 


142418 


31-45 


45-J8 


71'0 


90 


66-9 


8-.S 


28-3 


56-6 


25-5 


25-0 


461 


231 


87 


IIOOOOO 


144730 


31-7 


4665 


71'6 


91 


67-4 


8-9 


28-e 


57-2 


25-7 


26-2 


1120000 


147042 


32- 


4595 


72-2 


9-2 


680 


9-0 


28-8 


577 


25-9 


26-4 


46-6 






H40000 


149354 


32-25 


4630 


72-8 


9-3 


68-6 


9-1 


29-1 


58-2 




25-6 


47-1 


23-6 


89 


1160000 


151666 


32-5 


4666 


73-4 


9-3 


69-1 


9-2 


29-3 


58-7 


26-3 


25-8 


1180000 


153978 


32-75 


4700 


74-0 


9-4 


69-7 


9-3 


29-6 


59-2 


26-5 


26-0 


47-7 


23-8 


90 


1200000 


156290 


33- 


4736 


74-6 


9-6 


70-2 


9-3 


29-8 


59-7 


26-7 


20-2 






91 


1220000 


158602 


33-3 


4762 


75-2 


9-6 


70-8 


9-4 


30'1 


601 


26-9 


26-4 


48-2 « . 


1210000 


160914 


33-55 


4796 


75-8 


9-6 


71'3 


9-4 


30-3 


eo-6 


27-2 


26-6 


48'8 24-4 


92 


1260000 


163226 


33-8 


4830 


76-4 


9-7 


71-9 


9-6 


30-6 


61-1 


27-4 


26-8 


49-3 21-6 


93 


1280000 


165538 


34-05 


48.0 


77-0 


9-8 


72-4 


9-6 


30-8 


61-6 


27-6 


27-0 


1300000 


167850 


31-3 


4893 


77-6 


9-9 


73-0 


97 


31-0 


62-2 


27-8 


27-2 1 49-8! 24-5 


91 


1320000 


170162 


34-55 


4925 


78-2 


9-9 


73-6 


9-7 


31-3 


62-6 


28-0 


2'-* '■ •uJ- 9'i-n "- 


1340000 


172171 


31-11 


4956 


78-8 


10-0 


74-2 


9-8 


31-5 


&3-0 


28-2 


g,,g, 50-4^250 




1360000 


17178G 


35-1 


4980 


79-1 


10-1 


74-7 


9-3 


317 


63'5 


28-4 


27-8 


50'6 25-2 


96 


1380000 


177098 


35-35 


5000 


80-0 


10-2 


75-3 


9-9 


32-0 


640 


28-7 


28-0 








1400000 


179410 


35-6 


5040 


80-6 


10'3 


75-8 


10-0 


32-2 


61-5 


28-9 


28-2 








1420000 


181722 


35-85 


5070 


81-2 


103 


75-4 


101 


a2-5 


64-9 


29-2 


28'4 








1440000 


181034 


36-15 


5090 


81-8 


10-4 


76'9 10-2 


327 


65-5 


29-4 


28-6 








1460000 


186316 


34-4 


6120 


82-4 


10-5 


77-5 i 10-2 


32-9 


65-9 


29-6 


28-8 






1480000 




36-7 


6140 


83-0 


10-6 


78-0 10-3 




66-4 


29-8 


29-0 1 






1500000 


190970 


37- 


6160 


83-6 


T] 


78-6 '10-4 


III 


66-5 


30-0 


29-2' 
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ON YACHT BCILDIKO. 



Bake of Mabts. 



Although it is customary to rake a schooner's maats, yet no 
satisfiictory reason for so doing has hitherto been given. It is 
probable that the masts of a certain Tessel or Teesels, haying been 
placed 1^ rule too for forward, it was foand that snch vessels w^e 
greatly improved by raking the masts, or in other words by moving 
the centre of effort of sail -forther aft, and at the same time 
diminiBhing the momentnm in pitching. Probebly the first vessels 
in which tike masts were made to rake, were an improvement on 
the older form, had a longer bow, with a less proportionate draught 
of water forward, and conseqnently sach vessels required to have 
their centre of effort and their heavy weights forther aft, and sailed 
foster and worked qmeket than others of similar construction with 
npright masts ; and the qieed was attributed to the raking mast«, 
instead of to the improved form of vessel which originated the rake 
of mast. If there is any real advantage in raking a schooner's 
masts, the same arguments mnst hold good as applied to a cutter ; 
but a more wise pohcy is observable in the latter class of yachts 
where, instead of raking the masts, the centre of effort is brought 
forther aft, by placing the most and sails forther from the foremost 
• extremity in proportion as the bow is made more sharp. There 
may possibly be some sHght advantage in raking the masts in the 
way of easing the pitching, but practically the disadvantages are 
great ; the masts must be longer and heavier ; it is unpossible to 
have good top-masts, and there is considerable difficulty in getting 
any of the sails to draw well when going before the wind. How- 
ever, in very large schooners there is some difficulty in keeping the 
fote-stay sufficiently taut, unless the weight of the masts is made to 
fall npon it. A very slight degree of rake will be sufficient for this 
purpose, as when the vessel is close-hauled a considerable portion 
of the strain of the after sails is thrown upon the fore-stay ; and in 
going before the wind it is of httle conseijuence whether the stay 
is taut or not. In a cntter, where the same difficulty is experienced 
in keeping the luff of the jib straight, the mast is kept upright by 
the pendants and runners, so that it is not essentially necessary 
that the mast should rake to keep the fore-stay taut ; and moreover, 
there is a certain degree of danger in having the whole apparatus 
dependent upon one rope, which must be the case when the masts 
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rake and liang hj the fore-stay. On the whole, until tliere appear 
some better arguments on the other aide than have yet been 
produced, it is undemable that the preponderance of advantage is 
on the side of having a schooner's masts upright or very nearly so, 
although fancy or ^hion have hitherto induced the ovmers of 
schooners to rake their masts. 



MASTING OUTTEEB. 

By placing the mast far forward we increase the size of the main- 
sail and top-sai], and thus obtain a large M-ea of sail abaft the mast. 
This is advanti^ieous in saiUng before the wind ; but the obvious 
objections to a large boom and heavy main-sail more than counter- 
balance the slight benefit to be derived from the increased after-sail. 
It is important that the mast should be placed near the body of the 
vessel, as it then has lees effect in increasing the pitching and 
Vending, and the greatest speed will then be obtained for the 
shroads. Beyond these considerations, the position of the mast is 
of secondary importance: generally it may be assumed that the 
mast shonld be placed at oneteuth of the load vrater line, before 
the centre of vertical longitudinal section. In this position, uid 
with the dimensions in the accompanying Table of cutters' spars, the 
centre of effort vnll generally come at about its proper position in 
relation to the centre of vertical longitudinal section ; but a little 
rearrangement in this respect may sometimes be found necessary 
after the sail drawing and calculations are made, as the length of 
the load water line is not always a correct measure, on account 
of the rake of stem and stern-post differing in different vessels. 

In making the Table of dimensions of cutters' spars I adopted the 
same approximative measure of the stabUity of the vessel as in the 
case of the schooner yachts, and adapted the spars &om several 
examples of cutter yachts whose properties were known. The area 
of sail and the height of the centre of effort are calculated for the 
main-sail, fore-sail, and second working jib, as from the varying 
size of the top-sails in the different examples it was found impoasibte 
to arrive at any definite conclnsion if the top-sail was included in 
the calculation, therefore it is assumed that these three sails are such 
as a cutter should carry well, when the wind travels at the rate of 
twenty miles per hour, equal to a pressure of 2 lbs. per square foot. 
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A TREATim OB YACBT BmLDINS. 



Comparing the proportdoDs in the Tahle with the actual apars of 
two cutter yachts, we have : — 





1 IwToitt. 


»1 


o«. 




\Act^St*«. 


Tible. 


Actiul^an 


TMe. 










feet 




.. 1 63-0 


6S'6 


41 


36-8 . 


heftd .. .. 


18-0 


11-8 


80 


7-4 




41-5- 


42-5 


26-0 


26-5 




.- ' 560 






34-4 


Main.gaff 


420 


45-7 


24-5 


230 


Bowsprit outboard .. .. 


M-0 


47-5 


21 


250 



Very many cntter yachts hsTe had their maste diifted after a 
short trial, and various reasons are assigned for so doing — the Tessel 
stays badly, steers badly, or carries too mach weather helm ; but as 
shifting the mast is an eipenrnve operation, an owner should bear 
in mind that so long as the relative podtions of the centre of effort 
of sail and centre of vertical longitudinal section are fixed, the pOEU- 
tion of the mast will have very little, if any, effect in the working 
of hia vesael. If she carries too moch weather hehn a reduction in 
the main-sail or an increase of head-sail will set all right ; if she 
steers badly perhaps she has too small a rudder, or the fore and 
after stul is not well balanced, and either of these remedies may cor- 
rect the &ult in staying without materially affecting the speed. I 
have known a cutter's mast to be shifted aft, and at the same time 
a cloth was taken &om the main-sail and one added to the fore-sail ; 
this was done with the view of making the vessel stay quicker. 
Whether it succeeded or not I had no opportunity of learning, but 
if a cutter will not stay without a large fore-sail aback, she must be 
hopelessly bad, and the owner need not trouble himself to improve 
her speed. 

The spars in the following Table are not adapted for the excep- 
tional case of a chpper cutter : the enormous sails and raking stern- 
post of our modern racers preclude any rule being made which can 
apply to such vessels, and at the same time be apphcable to ordi- 
narily-rigged cutter yachts. Before leaving this part of the subject 
I would impress upon all yachtsmen, whether ownei-s, builders, or 
captains, the desirability of paying most particular attention to the 
adjustment of the centre of vertical longitudinal section and the 
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MA8TINQ COTTEI 



Pbopobtiohs and DiHQNsiOHs OF Bpabs fob Outtbb Yaohtb, 

TABLE IV. 



Upit 


KoPKDt 


^n 


SMi. 


^E" 


bud. mutto 
•up. 


-.r 

Boom. 


T 


K 


40000 


22S84 


18-82 


1200 


35-0 




25-5 


320 


21 5 


38-0 


60000 


25672 


19-39 


1324 


36-9 




2 26-0 


33-2 


22-2 


39-9 


80000 




19 '95 




36-8 




4 26-5 


34'4 


23-0 


41-7 


100000 


32164 


20-50 


1569 


37-7 




6 27-0 


35-6 


23'8 


43-4 


120000 


35557 


2104 


1690 


38-6 




8 27-5 




24-6 


45 


140000 


39041 


21-67 


1810 


39-9 


8 


28 '0 


38-0 


25-4 


16-5 


160000 


42611 


22'09 


1929 


40-4 


8 


2 28-5 


39-2 


26-2 


17-9 


180000 


46262 


22-60 


2047 


41-3 


8 


4 29-0 


40'4 


27 '0 


19-2 


200000 


49988 


23-10 


2164 


42-2 


8 


6 29-5 


41-6 


27-8 


50-4 


220000 


5378S 


23-59 


2280 


43-1 


8 


8 1 30-0 


42-8 


28-6 


51-5 


240000 


67647 


24-07 


2399 


44-0 


9 


30-9 


14-0 


29-5 


52-5 


2G0000 


61570 


24-54 


2509 


44-9 


9 


2 31-0 


15-1 


80-2 


53-5 


280000 


65550 


25-00 


2622 


45-g 


9 


4 31-5 


16-2 


30-9 


64-6 


300000 


69580 


25-45 


2734 


46-7 


9 


6 32-0 


17-3 


31-6 


99-6 


320000 


73656 


25-89 


2845 


47-6 


9 


8 32-6 


48-4 


32-4 


66-5 


340000 


77775 


26-32 


2955 


48-5 


9 


9 33-0 


49-5 


33-1 


57-5 


360000 


S1931 


26-74 


3064 


49-4 


10 


33-5 


50-6 


33-9 


58-5 


380000 


86119 


27-15 


3172 


50-3 


10 


1 34-0 


51-7 


34-6 


59-5 


400000 


90336 


27' 55 


3279 


51-2 


10 


2 34-5 




35-3 


60-5 


420000 


94577 


27 ■94 


3385 


52-1 


10 


8 35-0 


53-9 




61 '1 


440000 


98836 


28 '32 


3490 


53-0 


10 


4 36-5 


55-0 


36-8 


623 


460000 


loaiu 


28'69 


3594 


539 


10 


5 360 


56-0 


37-5 




460000 


107397 


29-05 


3697 


54-8 


10 


6 36-5 


57'0 




64-1 


500000 


111690 


29'40 


3799 


55-7 


10 


7 37 '0 


58'0 




65-0 


520000 


115986 


29-74 


3900 


56-6 


10 


8 37-5 


59'0 


39-5 


65-9 


540000 


120280 


30-07 


4000 


57-6 


10 


9 38-0 


600 


40-2 


66-8 


560000 


124568 


30-29 


4099 


58-4 




38-5 


61 


10-8 


67-7 


580000 


128848 


30'70 


4197 


59-3 




1 39-0 




41-6 


68-6 


600000 


133114 


31-05 


4294 


60-2 


11 


2 1 39-5 




42- 1 


69-6 


620000 


137363 


31-25 


4390 


61-1 


11 


3 40-0 


63-8 


42-7 


70-4 


640000 


141591 


31-57 


4485 


620 


11 


4 40-5 


64'7 


43-3 


71-3 


660000 


14579S 


31-84 


4579 


629 




5 41-0 


65-6 


43-9 


72-2 


680000 


149971 


32-10 


4672 


63-8 




6 41-5 




44-5 


73-1 


7001)00 


154115 


32-35 


4764 


64-7 


11 


7 42-0 


67 ■! 


45' 1 


710 


720000 


158224 


32 '59 


4855 


65-6 


11 


8 42-5 


68-8 


45'7 


71-8 


740000 


162295 


32 '82 


4945 


66-5 


11 


9 43-0 


69-2 


46'3 


75-6 


760000 


166323 


33-04 


5034 


67-4 


12 


43-5 


70-1 


46-9 


76-4 


780000 


170306 


33'25 


5122 


68-3 


12 


1 14-0 


71-0 


47-6 


77-2 


800000 


174241 


33-45 


5209 




12 


2 44-5 


71-8 


48-1 


78-0 


820000 


178124 


33-64 


6295 


70-1 


12 


3 45-0 


72-6 


48-7 


78-8 


SiOOOO 


181951 


83-82 


5380 


71 


12 


4 45-5 


73-4 


49-2 


79-6 


860000 


185721 


3399 


5464 


71-9 


12 


5 460 


74-2 


49-7 


80-4 


880000 


18M31 


34-15 


5547 


72-8 


12 


6 46-5 


75-0 


50-2 


M-2 


900000 


193074 


34-30 


5629 


73-7 


12 


7 470 


75-8 


50-8 


82-0 


920000 


196652 


34-44 


5710 


74-6 


12 


8 47-5 


76-6 


51-3 


82-7 


940000 


200160 


34-57 


5790 


75-5 


12 


9 48-0 


77-4 


51-8 


83-1 


960000 


203S95 


34-69 




76-4 


13 


48'6 


78-2 


52-3 


84-1 


S80000 


206955 


84-80 


5947 


77-3 


13 


I 49-0 


79-0 


53-9 


84-5 


1000000 


210237 


3490 


6024 


,«.« 


13 


2 49-5 


800 


63'ii 


85-2 
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42 A TBE&TIBB ON YAOHT BmiJ)INa. 

centre of eSbrt The fonner coitie is easly fonnd, the only 
measnrementB required being the length of the water line, length of 
keel, and draught of water forward and afL The meaeorement of the 
saik is very simple, and scarcely any knowledge of drawing is necea- 
sary to make a sail drawing, nor are the cslcnlations either long or 
difficult. 



SYSTEM OP OONSTEUCnON. 
' Eaving decided npon these principal points, the next thing to be 
considered is by what syBt«m the vessel should be constrncted. The 
common method of designing a vessel is that which discards all 
mechanical mlea lor forming the various lines, and relies entirely on 
a consideration of those tonus which experience has tanght ns are 
best adapted to the particnlar object in view. To enable the con- 
etrnctor to design a vessel by this method it is essentially necessary 
that be be provided with drawings and calculations of vessels of 
similar size already built; from these he can adapt and modify 
■ snob parts as he considers are applicable to his purpose, "When 
the rough drawing is made, the displacement, areas of midship 
section and load water line, and the position of the centre of 
gravity of displacement, must be calculated; shonld the results 
differ materially &om those of the precedents, the constractor must 
consider the probable effect of such difference npon his intended 
vessel, and th^ nuke such alterations in the design as he imagines 
necessary, repeating the calculations and making further alterations 
if requisite, nntil the resnlt accords with his intention ; and unless 
anything very novel or extraordinary is attempted, this method will 
succeed tolerably well, though of coarse much must depend npon 
the proficiency of the conatmdor and the extent and quality of his 
precedents. Without these the system is obviously insufficient, and 
at different times attempts have been made to determine a priori 
what ought to be the proper shape of a vessel, from conaderations 
connected with hydronamics, or the laws of the motion of ffuids. 
Of such methods none have been so mnch talked about of late 
years as the " wave system," which professes to construct on some 
considerations connected with waves. I confess my insbihty to 
enlighten the reader ou this subject. I have consulted books, and 
attended lectures by the eminent originator of the system, but all 
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8TBTEM OF CONSTBOCHON. 43 

attempts to obtain anfficient iuformatioii to enable me to construct 
on the wave principle have been most nnsuccessfn). 

Apparently tbe best information on the subject is to be fonnd in 
Captain Fishboome's ' Treatise on Kaval Architectnre.' He Bays, 
" Tbe genesifi of these (waTe) CHrree ia as follows, — the length of 
the fore body as compared with the length of the after body is as 
three to two, therefore the whole length is dirided into five equal 
parts, and three allotted to the fore body. A circle whose diameter 
is equal to the half breadth determined npon is described with ita 
circTunference touching the central line where the fore and after 
bodies join, its circnmfeience is divided into sixteen equal parts, 
and the central lines *of the fore and after bodies are eaeh divided 
into eight equal parte ; then for the curve of the fore body, from 
the foremost diriiaon on the central line lay oS the perpendicular 
distance of the central line &om the ^t or lowest division on the 
circumference of the circle, and from the second division on the 
central hue, the perpendicular distance of the second division on 
the circle, and so of each of the eight divisions ; then through 
these points draw a line, and it will be the wave line curve forward. 
The curves of all the water lines are similar." — " For the after 
body, lines are drawn frcan the divisions on the circle parallel to 
the central line, on which the distances of the divisions on the 
central line from the fore end of the after body are respectively laid 
off ftom the divisions on the circle. A line drawn through these 
pointa will give the wave curve for the after body." Let AB = b, 
A L = 2, (» and y) be co-ordinales of any point P, L heang the origin. 



Then y = -H n-cos. ^isthe equation to curve BPL gene- 
rated according to the wave system. There will always be a point 
l_ 
2' 

will be convex for half its length, and concave for the other half. 
It will be remarked that this system is founded on no theory 
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44 A TRZAXISK OK YACHT BCftiDIKO. 

wbaterer, and merely amoimts to an artdficisl plan for obtaining 
tolerably good water lines: these water lines will, however, be 
exactly the same for the same length and breadth, whatever the 
vessel may be intended for, and nntil it has been demonstrated that 
they are the best which can be designed, any constructor shotdd be 
unwilling to fetter himself by adopting so arbitrary a system. 
Moreover, it affords no gnide or role to govern the shape of the 
midship section or to enable the constructor to conjecture what will 
be the stability, or the amount of the displacement, or even whether 
his vessel will float ; and lastly the water lines, if formed in accord- 
ance with the above description, will be considerably sharper than we 
have hitherto at least ventured to make them. In making these 
remarks, however, only so much of the system as is propounded by 
Captain Fishbourne is alluded to, that being the only part which 
ia sufficiently definite to be understood, by me at least. 

Another system is that proposed by Ixird Robert Montagu ; but 
so far as I can understand his Lordship, his method of constrncting 
by dividing lines ia not sufficiently matured for practical purpoees ; 
at the very outset there is something wanting, inasmuch as no rule 
is given for ascertaining the degree of curvature of the main dividing 
line of the body plan ; and unless there is some definite rule for 
establishing this most important point of his system, the con- 
structor is left quite as much or more at random in making his 
design than by the ordinaiy system of water lines. Besides which, 
when taken as a system it fails on the score of incompleteness, there 
being no guide for determining the principal objects of construction, 
such as displacement, stability, &c. As a mechanical method of 
constructing a vessel the dividing line is little more than the 
ordinary diagonal line in common use by, the ship-builder, but seldom 
or never employed by the naval architect. In order to design a 
vessel by this method the constructor must be an expert and prac- 
tised ship draughtismaii, otherwise a most preposterous vessel might 
be built, as the form of the dividing line in either the sheer, half- 
breadth, or body plans is entirely a matter of fancy ; and therefore 
as a guide to construction the dividing line is not in any way pre- 
ferable to the usual water line. When the rough design is made, 
the dividing lines may be applied as a matter of curiosity, and the 
constructor can then alter the drawing to suit his Lordship's theory, 
which is not only ingenious but deserving of particular attention. 
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All mechanical or artificial ayat«ius of naval constmction must 
fell into the shade when compared with " Chapman's," or the 
" parabohe " ayatem : its appUcabihty, its completeneSB, and ita 
simplicity at once render it most admirably adapted for every 
description of vessel. By it a conatrucfor can determine every 
particular of hie vessel ; he can be certain that she wOl have the 
I required displacement, possess the proper amount of stability and 
.' trim as he intends; he has Dothing to do but, after making a few 
' preliminary calculationa, to proceed to trace the vertical aections of 
the body plan. Kor do the advantages of the system stop here, as 
every variety of form, both of water line and vertical section, is 
equally applicable ; in fact the conatmctor has great latitude in the 
shape of his vessel, bo long eis he does not depart &om the 
areas and centres of gravity established at the outaet. I shall 
therefore give an onthne of the method of construction by the 
parabolic system, recommending the amateur to adopt it as his 
guide. 

Chapman endeavoured to discover how fer the areas of conse- 
cutive sections of the best inown vessels followed any regular law. 
He therefore divided the area of each section by a constant quantity 
(the breadth of the midship section), and set off distcoices proportional 
to these quotients on perpendicnlars to a base line, the perpendicu- 
lars being placed at intervals equal to the distance between the sec- 
tions, and he found that the curve which passed through the ends of 
these perpendiculars might be conveniently represented as a para- 
bolical curve, both in the fore and after bodies, the vertex of the 
curve being at the middle of the base line, and the line representing 
the midship section forming the axis. Those who wish to investi- 
gate the subject, will £nd it fully discussed by Mr. Creoze and Lord 
K. Monti^ ; but for our purpose we must content ourselves with 
assuming the fundamental equations. 

J = (. + 2)X. [!] 

/=,. [3] 

Wliete D ia the load diaplacement is cubic feet. 
/ is the length of the load water line in feet. 
■ M is tLbe area of the midship section in square feet. 
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CI is the distance of the ceotie of grsTity of displftoetnait from 

the middle of the water Hne in feet. 
£ is the diBtanc« of the midBhip eectioQ from the middle of the 

water line in feet 
n being what is termed the exponent of the parabolio corre. 
p the parameter. 
The two last quantities being used to aatdst the calcnlations ; » is 
determined from eqnatioii [1], and p from the formula 



K"]" 



[*] 



Which is in fiict a particalar form of [3], and where, when the 
centre of gravity of displacement is abaft the middle of the mter 
line, the plus sign is nsed for the fore body, the minmi sign for the 
after body, and vice vena when the centre of gravity of displace- 
ment is before the middle. 

as and y being coordinates of the cnrres, or in other words y is 
the distance of any one section &om the midship section, 
and X the difference between a line representing the area 
of the midship section, and a line representing the area of 
any one section. 
From this last definition it follows that : 
Aies of section = M — x 

and from [3] x = ^ OT 

We now therefore hare the means of ascertaining the areas of the 
euccessive sections, by calculating n and p, and then sabetitating 
the succeesiye values of y in the equation [5]. 

In practice the calculations are confined to one-half of the veesel ' 
only, and therefore instead of x and M one-half of these yaloes ia 
taien ; and with some degree of inaccuracy in the Tables, ae nsuatly 
constmeted, these halves are treated as whole areas. 
- We will now proceed to give an example by way of illnstration. 
Suppose the constructor about to design the vessel mentioned. 
Here 

Load displacement = D = 6010. 

Length of load water line = I = S0. 

Area of midship section = M = 110. 

Distance the centre of gravity of displaoement ia tamt middle = = 1-6 abaft- 
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Now to find n which = -pjj — =- 



CI] 



80 X 110 - 5040 

Kelt * = (n + 2) X a [2] 

=s (1-34 + 2) 1-6 s 5-25 »baft. 

Then for the fore body 

log. %p = log. 2 >^ jj -^ = log. =—-55 = 478165 = log. 3. 

For tlie after body 

log. 2y = log. 2 '- ^ =iog.ki__ f =3245167 = log.2-ll. 

Ae this quantity is used in moltiplication only, the logarithm of 
it only need be found ; then, by substitutiiig the suocesBive values 
of y in the equation 



which must be calculated by logarithms, we constmct ihe following 
Table. 



Pot tba fon body x = 


yi'H 


F<ItUieinuliodf«=: 


^ 


, 




H^u«»t 






H<Jfm<« 


oTtUstuDCa 


~ 


M8-| = 


-,±? 


1 


M8-^ = 








HtdabLp 










S«li<m. 


S«U«L 




gecthm. 


ft. 


■l.fi. 


eq.f(. 


fi. 


eq.n. 


W|.fU 


7-5 




80 05 


7-5 






150 


12-5 


42-5 


15-0 


17-9 






21-5 




22-5 


30-7 


24-3 




81-7 


23-3 


30-0 


45-2 






42-8 


12-2 









A little carefiil study of the above calculation will enable anyone 
who has a slight knowledge of logaritluna to comprehend the work- 
ing of the system ; and I would remind those who imagine the 
arithmetical labour to be too great to warrant their undertaking to 
construct upon this elegant principle, that no more calculations than 
the foregoing are required, as the position of the centre of gravity, 
the displacement and area of midship section, are all predetermined 
quantities, and form the basis of the design, and tlierefore to calculate 
them after the design is completed would be a useless repetition. 
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THE CONSTRUCTION DBAWING. 

Before proceeding with the conatmction drawing, a recapitiilation 
of the principal pruportions deduced in fhe foregoing remarks may 
bensefal. 

The bi«Bdth = the length x -ti for cotters. 

n „ ' 26 for BobooDere. 

The depth = the breadth x US for cutters. 

„ „ '3952 for Bchoonera. 

The area of midebip section = bteailth X depth X -6. 

„ load water line = length x „ x '7021, 

Load diapUcement in cubic feet = length x breadth X depth x '862.'). 
The midship section from the fore end of the water line = len^ x '517. 
The centre of gravity of displacement from the fore end of the water line 

= length X '52 for cutters. 
The centre of gravity of displacement from the fore end of the water line 

= length X '55 for schooners. 
Or generally = length x '02 abaft the middle. 

In making the construction drawing the same order ib observed 
as in copying, but the draughtsman is left to his own resources as 
to the dimensions and forms of the di^ent parte. His first care 
should be to understand distinctly and exactly the sort of vessel 
required. Let us assume a schooner yacht of 144 tons = 5040 
cubic feet displacement to be required; the draught of water not 
to exceed 11 feet, and that she is to have as much speed as is con- 
sistent with a certain degree of accommodation. In the Tables will 
be found the dimensions of some vessel of suitable character and of 
nearly similar displacement, and we are thus enabled to fix the 
length of the water hue at 80 feet, then the breadth = ■ 26 i = 20 ■ 8 
feet. 

But in this case, as the breadth is somewhat limited, and 
calHn accommodation is a desideratum, it may probably be better 
to give a small additional breadth to ensure sufficient stabihty, dis- 
placement, and accommodation. Suppose, therefore, the breadth is 
determined at 27 I = 21-5 teet, then the depth = -3952 6 = 
8-5 feet. 

If to this is added 1 foot for the depth of the keel below its 
rabbet, we have a mean draught of water 9 ■ 5 feet, and with the 
maximum draught of 11 feet aft, this gives 8 feet for the draught of 
water forward. This, however, may be rather mote drag than may 
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be adviaable, and the dranglit of watei forward may probably be 
increased to 9 feet with advautege. 

The load displacement = length x bteadUi x depth x '3623= 
5296 cabic feet= 151 tons, an excese of 7 tons above that re- 
quired, or 

Digplftceme nt _ 5M0 _ 

. Length "x breadth X depth " 1*620 ~ " ' 

the proportion the displacement (5010 cubic feet) bears to. the 
circmnscribing parallelopipedon. We can jndge by compariBon 
whether this proportion is adapted for the required purpose ; if not, 
some alteration in the dimensions most be made. 

The area of the midship section = breadth x depth x ' 6 = 110 
square feet. 

The exponent of the parabolic cnive 



80 X 110 - sow 



= 13t, 



which nearly corresponds with the value of n for the ' America,' and 
therefore it may be presumed that the intended vessel will, by assign- 
ing that value to n, be of proportionate fulness in relation to the 
dimensions. 

The distance of the centre of gravity of displacement abaft the 
middle of the load wafer lioe, will be length x ' 02 / = 1 ■ 6 foot = a, 
andtheWdahip section will be from [2] 16 (1-34 + 2) = 525 
feet abaft the middle. 

The calculations for the areas of the sections of this vessel have 
C/'l already been given, p. 18, and therefore no repetition is necessary. 
Having arranged these preliminaries, the drawing may be com- 
menced, the sheer, rake of the stem, and form of the counter, can 
be adapted from the accompanying Tables, or from other drawings, 
and modified according to the constructor's judgment. The midship 
section in the sheer plan must be drawn at its proper distance from 
the fore end of the load water line, and the other sections at the 
determined distances from the midship section ; in the present 
case they are plaeed at intervals of 7 feet 6 inches. In designing 
the midship section, which will be done in the body plan, with 
due regard to the remarks on that subject, care must be taken that 
tiie half area = 65 sqoare feet exactly : the section being sketched 
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in by eye, its area may in this preliminary part of the work be 
found by the " old ride," thus — 



Load water line .. 


10-75 (halO 


Second water line .. 


10-1 


Third water line .. 


7-0 


Fourth water line .. 


2i 


Keel 


■3 (half) 




25-025 




2-2 = distance between the water line. 




55-055 ^ half area »F the miJehip section. 



It is hardly to be expected tliat at the first trial the section will 
be drawn of the correct area, but after one or two alterations it will 
generally be obtained. When this is done, the load water line from 
the midship section to the fore end muBt be diawn in the half- 
breadth plan. Having deterrained from the Table of Oonstrnction, 
page 48, or from other precedents, the angle which it should make 
with the middle line forward, a line can be drawn for some distance 
from tiie ending, at that angle ; then, with a small penning batten 
the breadtli at the midship section is joined to this line; this will 
give a " straight" water line. When any hollow is required in the 
water line the batten may be continued to the ending, deacribing the 
hollow required ; or the load water line may be formed according to 
the wave system, if the constructor admires that system as d^cribed 
by Captain Fishbonme. The half-breadth linea of the deck and 
roughtree rail may next be drawn of such shape as the constructor 
thinks best. A section intermediate with the midship section and 
foremost extremity drawn in the body plan (the half breadth of the 
load vi&tf&c line being taken from the half-breadth phm), and altered 
if necessary until its half area corresponds with the area already 
determined for such section, will give a gnide for drawing the other 
water lines of the fore body in the half-breadth plan. When the 
remaining sections are drawn, if their areaa do not agree with the 
calculated areas, alterations must be made. 

The after body is proceeded with in a similar manner, and when 
the whole of the sections are completed, the demgner may, perhaj», 
reqnire some slight alterations to be made. When such alterations 
from the original plan involye any considerable change of form or 
alteration of the several sectional areas, it may be advisable to calcu- 

E 2 
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late the displacement and the poedtion of the centre of gravity of 
displacement, &c., in order to prevent too great a deviation from 
the original intention ; bat when no alteration, or at least only a 
ahght alteration, is inade, this is noneceesary. I have, in Plate 1, 
given the design for a schooner yacht in conformity vdth the fore- 
going dimensions and calcnlatious, and without uiy material altera- 
tion from the established areas, in order to show bow admirably 
adapted the parabolic system is for the eotistmction of yachts. 

To complete the vessel tbe masts and sails have to he arranged. 
The area of vertical longitudinal section = / x A = 80 x 10=800, 
area of load water line = 1 xh X '7 = 1204 ; these sums multi- 
plied together = 963200, wbicb is the coefficient f(» the dimensions 
of the spars. (See O^ble III.) 

The centre of effort should be placed at 006 of the length of 
load vrater line = 48 foot abaft the centre of gravity of vertical 
longitudinal section, and at the height of the centre of effort the 
main-mast vrill be one-tenth of the length of the water line = 8 feet 
abaft the centre of vertical longitudinal section. The fore-mast will 
be ■ 344 of the length of the water line = 27 ' 5 feet before the 
main-mast. 

With these positions a sail drawing must be made to the dimen- 
sions given in the Table of schooners' spars ; and the area of sail, and 
position of the centre of effort, both as to height and length, calcu- 
lated. If the reenlt« do not agree with the eetabliehed position £>r 
the centre of effort, some alteration must be made either by re- 
adjusting the proportion of fore and after sail, or by moving the 
masts and preserving the same measurement of spars, as it is impe- 
ratively neceasary that a proper and correct balance of the sails 
should exist, otherwise the care of the constructor in designing the 
hull has been completely thrown away. 
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LENGTHENING. 



The lengthening of yachts is a subject which demanils seriona 
attention, as it has become a feTourite practicfl with nmny owners, 
when they find their vessels either too email or too alow for their 
purpose, to submit them to the lengthening process as a panacea for 
all their complaints. There are certainly many yachts which can 
be greatly improved by being lengthened, and the operation may be 
performed on them with snccess, but it doea not follow that the 
same success will attend an indiBcriminate or injudicious addition to 
length, As a general rule a larger vessel ia faster than a smaller 
one, bnt a lengthened yacht though faster than before the alteration, 
may not be nearly equal in speed to one built of the increased size ; 
as a vessel lengthened forward may not have the midship section or 
after body best adapted for the longer bow. Under such circum- 
stances a new vessel should be built. The difference in price is not 
so great as might be imagined. A vessel of fifty tons may be 
valued at a selling price of 800/. : to lengthen her 6 feet forward 
would cost at least 200/., as the mast, channels, &c., must be 
shifted. She would then require a new main-sail, fore-sail, boom, 
gafT, &a., and we may estimate the total cost of the alteration at 
300/,, which added to her price = 1100/. A new yacht of sixty 
tons would cost complete about 1500/., making a difference of 4U0/., 
which the new vessel would certainly be well worth. 

Before determining to lengthen a yacht she should be placed on 
shore, and an accurate ship-drawing made of her. This is not a 
difficult task, and is easily done in from one to three tides. Having 
noted the principal &ults of the vessel and calculated the elementfi 
of her construction from the drawing, the cause of many of her 
defects may freqnently be traced to some nonconformity with well- 
knowli proportions and particulars discovered in the course of the 
calculations. The mal-posltion of a mast, or an inclined water line 
too full on the quarter above the line of flotation, are frequent 
sources of vexation attributed to a short bow, and can be remedied 
by some comparatively trivial alteration. Finally, when a less ex- 
tensive cure is not applicable, recourse must be had to lengthening. 

"When the bow ia bluff the alteration should be made at the for- 
ward extremity. Place a penning batten on the load water line of 
the half-breadth plan, and carrying it along from amidships to such 
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form aa may appear deeiiable for tbe water line of the new bow, 
tbie will give the length of the water line in the sheer plan, and 
having decided apon this line it is easy enongh to fill in and com- 
plete the detail of the alteration. Calcolatione of the Teasel tbtis 
lei^hened mnst be made, and the resnlts compared with the calcu- 
lated resnlte of othet yachts, and shonld the comparison be nnsatis- 
&ctory some change in the alteiations will be necessary until the 
lengthened vessel appears likely to succeed. It is a common piac- 
tice to haal the yswgI up on a shp and place battens to mark ont 
the form and extent of the contemplated alterations ; but it is 
ahuost needless to soy, that by this- unscientific method of proceed- 
ing it is impossible to ascertain whether the proposed alteration 
will be sufficient or too extensive ; and tbe owner is very likely to 
get a yacht too abort at the opposite extremity to that lengthened, 
or to have a miserably-balanced craft. Whereas by the method* 
here indicated the builder or owner can have battens put up after 
the design and calculations have been made, and the few shillingB 
expense of the drawing will be saved to the builder in the execution 
of the work. 

It is impossible to lay down any rule as to what vessel or what 
part of any vessel may require lengthening. It not nnfrequently 
happens that a yacht will be much improved by reforming any part 
which appears to be ill-adapted for speed. Thus, when the inchned 
water line is drawn on the half-breadth plan, it will probably 
exhibit the defect either in giving a bluff place along the bow or 
some fulness abaft ; and a sufficient and more simple remedy for 
these defects will be the alteration of these parts to the required 
extent. Finally, let it be remembered that there are some yachts 
which cannot be improved by lengthening at any one part ; nothing 
but a complete remodelling being a sufficient remedy for their 
defects : where this is the case the lengthening merely incseases 
the evil by giving the owner a large bad vessel instead of a smaller 
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On the practical part of yacht bailding it is hardly Qec«6Sary to 

Bay anything, as the generality of yacht builders nonld ecaittely 
benefit by any remarks of mine ; however, I may snggest to them, 
that a great pecuniary saving might be effected if they paid more 
attention to the laying off. When every timber of the frame ia 
laid off properly, and a mould made to its shape, the saving in con- 
version is immense. There are two reasons commonly given why 
the whole vessel is not commonly laid off: — First, want of space 
on the mould-loft floor, and secondly the want of time. As regards 
the want of space, it is an objection easily met, as by contracting the 
sheer plan a vessel mayfbe laid off on any space sufficient for 
the body plan. The method of contraction may not be generally 
known. I will therefore describe it. 

If, instead of placing the sections at the whole room and space 
apart, they are struck in on an inch or two inch to a foot scale, the 
length will be reduced by 12 or 6, and thus a vessel of 96 feet 
length may be laid off in a length of 8 feet if the inch scale is 
adopted, or in 16 feet if the two-inch scale is used. Having struck 
in the vertical sections m this manner, the half breadths of the 
water hues and the different heights of the sheer are set off from 
the base, the actual size. A thin batten passing along these points 
will fair the body much more correctly than when the whole room 
and space is used, but it must be remarked that some caution is 
reqnired in fairing the lines, and no attempt must be made to alter 
the shape of any line, otherwise the result will be very different 
from the drawing. When the frames of the fore and after bodies 
are canted they must he laid off separately. By adopting this plan 
a great saving of space and time may be effected ; but a further 
saving of time may be obtained if the bevelling edges are not laid 
off, and the bevellings taken in the following manner. The bevel- 
ling of a timber at any particular sirmark ia the difference between 
that timber and the nest in the body plan, measured square to the 
intersection of the siimark with the timber line. If this distance 
is set off on a room and space board the bevellings are easily taken. 
The quickest plan of doing this is to apply one end of a small 
taking off batten to the intersection of a surmark with the midship 
section in the body plan, then mark the intersection of the next 
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timber (A in the fore body) on the batten, place the end of the 
batten square to the intersection of A with the Birmark, and mark 
'where B cuts the batt«n on it, and so on. Then if the room and 
space £rom @ to A be set off on a square line across a board, and 
tlie end of the batten be placed on a square line and kept in a 
vertical position, and the distances on the batten marked on the 
board, a bevel with the stock againBt the side of the board at the 
square line, and the tongue to the marks on the vertical line, will 
give the bevelling, either under or stavding, as the case may be, of 
the respective timbers at tliat particular sirmark. 

A httle judgment is sometimes required in allbwiug a trifle for 
the ronudnese of some parts of the vessel, bat generally the bevel- 
lings taken by the above method are more correct than by laying 
off the bevelling edge, and the whole may be accomplished in an 
hour or two for a yacht of 100 tons. This method is particularly 
applicable where batten moulds are used, as the levellings are 
marked on a board for the purpose, instead of on each mould. A 
batten mould is always preferable for all timbers of the square body, 
B& it takes less time to make, and will often effect a saving in con- 
version, by giving a greater choice of timbera to be cut from a log, 
which if not exactly applicable ia one timber may suit another. 

With respect to the a;tual building, the diagonal system has 
always appeared to mc to be peculiarly applicable to the building 
of yachts, as it gives greater room internally, and it certainly com- 
bines strength with lightness, and from the form of a yacht there 
is not much difficulty in bending the strakes to flt the bilge or other 
parts. The objection generally urged against its adoption is the 
inferior connection of the garboards with the keel ; this is easily 
overcome by having greater depth of keel inboard, and working a 
side keel on to each side of it to fit the shape of the vessel ; these 
side keels shoald be securely bolted through the keel, and the ends 
of the diagonal plank will bolt to them ; by this means I imagine 
the connection will be quite as complete as in the ordinary timber 
and plank method of building. 

Another plan which has never, I believe, been tried for yacht 
building, is that of a double thickness of plank worked fore and . 
aft, in such a manner that the seam of the outside thickness 
runs along the middle of the inside one ; no timbers are required, 
bat a few diagonal iron plates in the interior would materially 
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etrengtlien the fabric. Some river steamboats built years ago on 
this plan, have outlived many of their cotemporaries bailt on the 
old 8T8t«m. 



FOKM OF CONTRACT FOB BUILDING A SCHOONER 
YACHT OF 165 TONS, BUILDERS' MEASUREMENT. 

It is this day agreed between A. B. of , and C. D. of , 

ship-bailder ; the aaid C. D. to bnild and complete the hull of a 
Bchooner yacht according to the following dimensionB and propor- 
tions for the snm of , to be paid in three separate portions, viz. 
the first payment of to be made npon signing this agreement ; the 
second payment of , to be made when the vessel is completely 

timbered and planked, and the upper deck laid ; and the remainder 
of the sum to be paid when the vessel is delivered over to the said 
A. B. ; and the said C. D. agrees to complete the said yacht and 
dehver over the same to the said A, B. on or before the day of 
187 , and in default of so completing and dehvering over he agrees 
to forfeit the sum of a day, for each and every day the said yacht 
is not completed and delivered over to the said A, B. after the 
above-named day ; and it is further agreed that the sa!d A. E. shall 
appoint a surveyor to overlook the work and material used in the 
building of the said yacht, and that the said yacht shall be built to 
the satisfaction of the said surveyor; and that no payment of 
money shall be due until the said surveyor shall have agnified in 
writing that the workmanship and material meet with his approval; 
and the said surveyor shall at all times be permitted to have access 
to the said vessel during the progress of the work, and that no 
charge shall be made by the said 0. D. for any work or material 
not specified hereafter, or for any alteration of any part of the 
dimensions, materials, or fittings, unless a written order for such 
extra work be given by the said A. B. or his surveyor, and that any 
SQch order for extra work shall state the number of days over the 
day of , 187 , which shall be allowed to the said C. D. to 
finish the said vessel, in consideration of such extra work or altera- 
tion ; and if no menticm of such additional time is made in writing, 
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then the original date is to be con^dered as the day for completing 
the said vetsel as aforesaid. 

DUfEHSIONB. 

ft. In. 

Length betneeu the perpendiaalare 80 

„ of keel for tonnage 67 1) 

Breadth, extreme 21 8 

„ moulded 21 

Deptbin hold 

Burthen in tcau, 164|} BnUders' meaanre. 



SPECIFICATION. 

Ked. — To be of English elm in not more than three pieces, sided 

amidships 8 in., tapered at the ends to 7 in., moulded 10 in., to 

have 6 in. whole wood below the rabbet, scarphs 3 ft. long, 

caulked and bolted with four J-in. copper bolts. 
FaUe keel. — Of English elm, thick 4 in. 
Eedaon.—Oi English oak, aided 8 in., moulded 8 in., bolted through 

every floor timber with one |-in, copper bolt, scarpha same as 

keel 
Stem. — Of English oak, sided at the head 8 in., at the foot 7 in,, 

moulded at head 10 in., whole wood before the rabbet 4 in., 

scarphs as keel. 
Apron. — Of English oak, sided as the stem, moulded not less than 

Sin. 
Knighiheads. — Sided 6 in., moulded as the frame, bolted through 

the stem with |-in. iron. 
8tem-poBi:—0i English oak, sided at the b^ 8 in., at the heel 

7 in., moulded at head 10 in., at heel 12 in. 
Inner ^et. — Of Enghsh oak, sided as post, moulded as per draft. 
Deadwood. — Of English oak, forward and aft as may be required, 

with deadwood knees well bolted with |-in. copper. 

Frame. — Moulded at cutting down 8 in. 

„ floor-heads 7 

„ half floor-heads 6^ 

„ first futtock-heads 6 

„ planksheer 4 
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Floors sided amidshipe, 8 in, forward, and aft 7 in. 
Half floors „ 7 „ 6 

First futtocb „ Q „ H ' 

Second „ „ 5 „ 4J 

The timberB of the frame to be of Englisli oak, free from sap or 

defect. The floors and half floors to be bolted together with ^iu. 

square iron, the rest of the frame -with ^-in. square iron. To have 

two hawse timbers of English oak on each side, bolted with i-ia. 

iron, sided 9 in. at head. 

To have a transom, or to be framed at the connter, as required. 

Wales.— -To have two strates of English oak or teak wales, together 
wide 9 in. 

Flank. — The eight lower strakes to be of English or American elm 
3 in. thick ; the remainder to be of Dantzic fir 3 in. thick ; to 
be fastened with copper J-in. diameter, clenched through every 
third timber, and a ^-in. metal dump 7 in. long in the remaining 
timbers. AH the plank to be wrought in parallel strakes, the 
butts to have not lees than 6 ft, shift, and three strakes of plank 
to intervene between two butts placed above one another on the 
same timber. 

Skdf. — Of Dantzic fir, deep 8 in., wide at the upper side 6 in,, at 
the lower side 3 in., bolted with |-in. copper. 

Deck beams. — Of Dantzic fir or red pine sided 6 Id., moulded 6 in,, 
secnred to the shelf vrith one -^-in, iron bolt at each end. 
The bitt, mast, and two other beams to have an iron hanging 
knee at each end, each weighing 28 lbs., and fastened with 
three iron i^-in. bolts through the beam-arm, and three copper 
^-in. bolts through the side arm. 

Iron crutches and deck hooks as directed. 

Waterway. — Of Dantaic fir, deep 4 in., wide 8 in. 

Planksheer. — Of Dantzic fir, 4 in, thick, and 6 in., wide, 

Boughtree stanchions. — Sided at planksheer 5 in'., at rail 3J m., of 
American elm, wide 5 in,, thick 3 in. 

Coamings and headledges. — Of English oak or mahogany, thick 
3 in. 

Beck. — Of 2^in. Crown deal, each strake not more than 4 in, wide, 
fitstened with metal spikes 6 in. long, the strokes at and about 
the windlass, masts, &c., to be of English oak or teak as 
directed. 
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Platform beams. — Of fir, 4 in. by 4 in. 

Platform. —Of 2-in. deals. 

Ceiling. — Below the platform, of English oak, the renudader of red 

pine, 1 in. thick, ^steaed to the timbers with galvanized iron 

' Bpikee 4 in. long. 
Pawl hiUt.—% in. sqnare, to run down and secure to the keelson 

as may be directed. 
Carrklc hitts. — Sided 3 in., not less than 10 in. wide, properly 

kneed, bolted, and Becuted. 
Windlaaa. — Complete with pawls, pinion, and wheel-work, &c.; if 

a patent windlass is required, it is to be paid for in addition. 
Channel teorh, chain platev, bolts, dead-eyes, &c., as required. 
Masi partners. — To be properly framed. 
Rudder. — To be made and bolted as required, the head to be 

round. Sin. diameter. To find and fix three pairs of proper 

metal pintles and braces ; the rudder head to fit and work in a 

metal collar let into the deck. 
Tiller. — Of wood or iron. 

Sulwarks. — Of deal, 1 in. thick, rabbeted, each etrake 3 in. wide. 
Catheads. — As reqnired, with sheaves, whiskers to jib-boom, guy, &c. 
Skylighia and deck fittings complete, of mahogany, as required. 
MaU steps. — On the keelson 5 ft. long, 4 in, deep. 
Cabin fittings. — The bulkheads of 1-in. fir, rabbeted, the main-cabin 

to be fitted with panels of nmple wood with mahogany styles 

and raib, French polished ; the after cabin fitted with chintz 

hangings. 
Caulkincf. — The vessel to be thoroughly caulked with the usual 

number of threads of oakum, and the seams payed with pitch 

and scraped, the deck to be payed with marine glue. 
To find and fit all necessary pin-racks, belaying bitts, cleats and 

pins, to fore and main masts, cleats, sheaves, eye-bolts, &c., as 

required for a schooner ; boats' davits, hawse pipes, chain cable 

hoods, two pumps and pipes, companion ladders, &e. 
The bottom of the vessel to be coppered with 18 oz. copper, from 

6 in.- above the load water line downwards, the fore part of the 

stem and under Ende of the keel to be covered with 32 oz, copper. 
To provide a new gig boat 25 feet long, with oars, rudder, benches, 

and gratings complete, also a new dingy 15 ft, long, complete. 
The whole of the materials and workmanship to be of good quahty, 
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and to the satiB&ction of the surveyor ; and the vessel to be 
completed as to hnll, cabin, and deck fittings by the btiilder. 
The bulwarks to have three coats of paint inside and ont, and the 
cabins and under side of the deck to receive three coats of paint 
as directed. 

A. B. 
CD. 



CALCULATIONS. 



Many persons are deterred from making the necessary calcula- 
tions for a veesel, because they wrongly imagine the labour to be 
much greater than it really is ; a httle method and arrangement 
simplify the process amaziDgly, 

The plan I find most applicable to a yacht is the following ; — On 
the drawing of the vessel fii No. 1 section, in the sheer plan at 
some determuiate place, such as the iote end of the load water 
line, then divide the length of that line into any uneven number 
of equal parts by lines perpendicnlar to it, which wiU represent 
the vertical sections. Draw a body plan of these sections to the 
ontside of the plank, having the load water line as a base in 
the sheer plan. Divide the distance from the load water line, 
to the line of the lower edge of the rabbet of the keel continued 
at No. 1 section into an odd number of equidistant parte, as five 
inclusive ; also divide the corresponding distance at the aftermost 
section into a like number of equidistant parte ; draw lines fiwm 
Ko. 1 section to the i^termost section joining these divisions, and 
transfer the heights of the intersections of these lines with the sec- 
tions to the body plan. A Table must now be ruled similar to the 
accompanying form, and the half breadth of each section at each 
water tine measured from the body plan, inserted in its proper plaee 
in the Table ; a description of each column is as follows : — 

a the number of the vertical section. 

i the distance between the water hues at each section respec- 
tively ; it is thus found — the distance of the load water line 
to the lower edge of the rabbet of the keel at No. 1 section 
is 8 feet, and at No. 11 section it is 9 875 feet; then as 
No. 1 and 11 sections are 75 feet apart-, it follows that 
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the differenoe of dranght of water in 75 feet is 1 ■ 875 fi»t, 
and the difference between each Bection when (as ia in this 

case) they are 7*5 feet apart is -== = 1875; as 

there are four water lines the distance between them, at each 
succeeding section, will be increased by the fonrth part of 
•1875= -047 foot. AtNo. 1 section the water lines are 2 feet 
apart; at No. 2, 2+ 047 =2- 047 feet apart, and so on. 

e the nnmber by which the ordinates are to be mnltipHed in 
finding the displacement by horizontal aoctiona. 

d the ordinates of the lowest longitudinal section, or half siding 
of the keel at each section. 

e the ordinate of the lowest water line 

/ „ third 

g „ second 

h „ load 

i the snms of the ordinates as multipUed. 

k the half a 

72-2x2-282 .. . /, 
=54-9 square feet 

I the half areas of the sections multiplied by the numbers in 
column c respectively ; the sum of the colnmn I multiplied 
by one-third of the common interval between the sections 

giyee one-half the displacement in cubic feet, or — ^ — '- 

X 2 = the whole displacement, which divided by 35 (the 
number of cubic feet in a ton of salt water), gives the dis- 
placement in tons of that part of the vessel included within 
the limits of the calculation ; to this must be added the keel, 

rudder, &c., thus 1002 7 x -g^x 2 = 5048-5 cubic 
feet = 144-2 tons, 
m the multipliers for finding the distance of the centre of 
gravity of displacement from No. 1 section. 

On 

n the products of ? x m ; then -^ x common interval between 

the sections = the distance the centre of gravity of displace- ' 
ment is from No. 1 section, or - ,- x 7-5 = 41 2 feet. 
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tlte ordinatee of the load water line multiplied by the mimbera 
in column c respectively ; the eum of these products multi- 
plied by one-third of the common interval between the 
sections, will give half the area of the load water line, or 



-^— X 2 = 1128-5 square feet = the whole area, 

p the prodncte m aud o, for finding the distance of the centre of 
grayity of the load water line &om No. 1 section. The eum 
of these products divided by the sum of colnoin n, and the 
quotient multipHed by the common interval, gives the re- 
_ 0p 
■ Oo 

1254-4 
225-8 
X 75 =41-68 feet. 
r the ordinatea of the immersed water line when the vessel 

inchnes 10°, 
s the ordinates of the emersed water line when the vessel in- 
clines 10°. 
t the sums of r and s, 

u the products of t and o ; the sum of this column multiplied by 
one-third of the common interval gives on^half of the area 

of the inclined water line, or « x — s— X 2 = the whole 



gravity of the load water hne is firom No. 1 = 



V the products of « and m, for finding the distance of the centre 
of gravity of the inclined water line from No. 1 ; then -^ — 

x75=thediBfancereqmred,or „„^„ X 7-5 =42-03 feet. 

IP the cnbes of the ordmates of the load water line required for 
finding the height of the metacentre above tlie centre of 
gravity of displacement ; the sum of this column multipHed 
by two-thirds of the common interval, and the product 
divided by the cubic feet in tho displacement, gives the height 

of the metacentre, thus . x 7 ■ 5 x s- = 5 ' 975 = 
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height of metaceatre above the centre of gravity of displace- 
ment. 

To find that part of the displacement which is before the centre 
of gravity, this latter point being 41 - 2 feet abaft No. 1 section, it 
will be 3 ' 8 (eet before iHo. 7. The displacemeat between Noa. 1 
and 7 tak^ trom colnnm t is 2884 - 5 cnbic feet ; from this most be 
snbtiacted the cnHcal content of that part between No. 7 and the 
centre of gravity = area of No. 7 x 3-8 = 109-8 x 3-8 = 417 
cubic feet; thns making the displacement before the centre of 
gravity 2476-5 cubic feet; and the displacement abaft that centre 
will be the whole displacement— 24G7- 5 = 2581 cubic feet. 

The distance of the centre of gravity of the fore body &om 
the centre of gravity of displacement will be, for the part between 
Noe. 1 and 7, &om column n 



45-6 X 


1 = 


45-6 


45-8 X 


2 = 


91-6 


136-8 X 


8 = 


110 '4 


86-2 X 


i = 


31*-8 


»6-0x 


5 = 


1030 



crjl-.Q — iJ ", muuu uiuiu^um. uj mid ujiuiuvil inteTVal 7 ' 5 ^ 

'29 ■ 25 feet = the distance the centre of gravity of that part between 
Noe. 1 and 7 is from No. 1 section. The centre of gravity of the 
part between No. 7 and the centre of gravity of displacement will 

be 45 ^ = 43 1 feet from No. 1, and combining these dis- 
tances we have 

Cubic coaUnl. MDmenU. 

2884-5 X 29-25 = 84371 
417-0 X43-1 =17972 



66399 
OA a r T f^ = 26 ' 9 feet, the distance of the centre of gravity of the 

fore body from No. 1 ; then 41-2- 26-9 = 13 9 feet, wiU be the 

distance of the centre of gravity of the fore body fromthe centre of 
gravity of displacement. For the after body a similar method is 
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pnisned, except that in this case the smaller moment is positive. 
The resnlt gives the distance 13 - 5 feet. 

To find the diBtance the centre of gravity of displacement is'below 
the load water line, multiply the siimB of the producta of the ordi- 
natee of the water lines multipliod hy the numbers 1, 4, 2, 4, 1 
respectively by 0, 1, 2, 3, 4 respectively, commencing from the 
load water hne downwards ; the Bum of these prodacta divided by 
the sum of the first products, and the quotient multiplied hy the 
distance between the vrater lines at the centre of gravity of displace- 
ment, will give the reqnired distance, thns : — 

Load water line .. .. 74-7x1= 74-7x0 

Wafer line (2) 

371 X 2= 74-2x2 = 148-4 

14-2 X 4= 56-8x3 = 170-4 

8-0x1= 3-0x4= 12-0 



The distance between the water lines at the centre of gravity is 
thns found ; as the length between the extreme sections : the differ- 
ence of depth in that length : ; the length from No. 1 section to the 
centre of gravity : difference in depth due to that part of the length. 

(««. f«t. feet. ftvt. 

80 : 2 :: 41-2 : 103 
This added to the depth of No. 1 section, gives the whole depth as 
the centre of gravity = 8 + : 1 - 03 = 9 ' 03 feet, which divided by 
4 (the number of water lines) = the distaace the water lines are 

apart at the centre of gravity = 2-26 feet. Then ^'^ x 2-26 

= 2 - 877 feet, the reqtiired distance. This method of finding the 
height of the centre of gravity of each water line is not always 
strictly correct, because the centre of gravity of displacement,- 
longitudinally, may not he at the centre of gravity of displacement, 
but the error is so trifling as scarcely to be worth notice. 

In the foregoing calculations the keel is omitted : ita dimensions 
are, length 80 feet, depth 1 foot, and breadth 7 inches ; the cubic 
content is therefore 48 feet. 

There is also a trapezium between No. 2 section and the stem- 
post, the depth 10 feet, length 5 feet, and mean breadth 1 foot = 50 
cubic feet ; the total displacement is therefore 

5048-5 + 48 + 50 = 5148-3 cubic feet = 1*7 tons. 

A full nnderstanding of the reason for each step in the process 
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of the oalcnlatioDB greatly facilitates the proceeding. TIlo first and 
principal object is to find the area of each vertical section. If the 
section were a rectilinear triangle nothing more would be required 
than to take the snm of half of the two extreme ordinatee and 
moitiply it h^ its depth ; bat the sections of a ship have one Bide of 
the triangle corvilinear, and therefore this easy method of finding 
the area wonld give an erroneous resnlt, as it does not include the 
space contained betwerai the right line and the corre. 

There are three methods of obtaining a more oorreot area. The 
mle for the fiist, which althongh the most simide is the most inaccu- 
rate, is — divide the section into a number of equidistant ordinates, 
add half the Bnm of the first and laet ordinatee to the sum of the 
remaining ordinates, and multiply their sum by the distance between 
them. Applying this mle to section 7 of the Table, we have 
Oidinfttol .. -8 Oidlaato^ .. 23 

„ 5 .. 10-7 „ 3 .. 6-4 

2)110 n ■> 2Z 



2 ' 2B2 distuioe betveen the ordinateiL 
54 ■ 766 the reqniied half area. 
Which is slightly difierent from the tabulated area. 

The second rule, which is commonly called " Chapman's Eule," 
and is adopted in the accompanying calculations, is this : divide each 
section into an odd number of equidistant ordinates, such as 3 or 5, &c. ; 
to the sum of the first and last ordinates add the sum of the odd 
ordinates multiphed by 2, and the sum of the even ordinates multi- 
plied by 4. Multiply the sum by one-third of the distance between 
the ordinates, and the product is the required area ; thus, of section 7, 
Ordinate 1 .. 8 Ordinate 2 .. 2-3 Ordinate 3 .. 6-4 

3 .. 10-7 „ 4 .. 9-8 2 

U-O 13-1 12-6 
48-4 4 

'11 ^ 

72-2 

2'282 the distance between the ordinates. 

3)164-76 

54-92 the Teqmred half aiea. 
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Divide the section into any Qnmbca- of equidistant ordiuatee which 
is one greater tbm a mnltiple of three, as 4, 7, &e. ; to the sum of 
the first and last ordioates add the sum of the remaining ordinatea 
moltipUed by 3, together with the sum of those ordinatea one greater 
than a multiple of three, multiplied by 2. This sum multiply 1^ 
three-eighths of the distance between the ordinatee, and the product 
is the area reqnired. It is here assnmed that the cnrve which 
passes through the extremities of each succeeding four ordinatee is 
a portion of a cubic parabola. Chapman's rule assumes that a 
common parabolic curre passes through the extremities of eyery 
three successive ordinate, whilst the £ret rule supposes a straight 
line from the extremity of one ordinate to that of the next. 

In practice there is scarcely any difference between the two 
former methods as to the result, but Ohapnmn's rule is the more 
applicable, as it does not limit us so much in the nttmb^ of ordi- 
natee. As a general rule, when the water lines or the sections are 
very round, or when the vertical sections are more &aa five feet 
apart, either Chapman's or the " three plus one " rule should be 
employed ; but when the lines are tolerably straight^ and the ordi- 
natea are less than Eve feet apart, then the first rule will give a 
result sufficiently accurate, and from its greater simplicity it is to 
be preferred ; or the two rules may be combined vrith advantage, as 
when the vertical sections are much curved, but the water lines are 
rathar straight ; thus taking the half areas found by Chapman's rule 
from coliimn k. 

Section 1 .. .. 2-4(half) 



.. 43-1 

.. 51-5 

.. 5t-9 

., 48-7 

.. 37-5 

.. 24-5 

,. 9-3 (half) 

834-65 

7 ■ 5 diatance between the Kctkiiu. 

2509-125 half displacement. 
2 

G0t8' 25 whole difiplEumnent. 
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When the Treter lines are paniUd and eqaidistant, the displaoe- 
mest may be foond by taking the areaa of the water lines and 
applying either of the mlee to them ; in the ease before va, the 
water linee not b^ng equidistant and parallel, it is almost imprac- 
ticable to obtain an exact result in this way ; thongh a tolerably 
exact approximation may be obtained, ae in the following example, 
the diatanoe between the water linee being sapposed to be that at 
the middle of the length, or at No. 6 Bection ; tiien taking the areas 
of the water linee 1^ the first rule and completing the calculation 
by Chapman's role, we hare 



Ked .. .. 


. 80 


Water line (4) 


. 14-2 


„ <8) 


. 871 


n (2) 


. 59-3 


Load water line 


. 74-7 



235 dutatwe between W, L. 

2495 ' 9 halt displacement. 



4991-S whole dufJaoement. 

This, which is a method of finding the displacement by horizontal 
instead of vertical Becfciona, differs very little in its result from the 
more laborious process, and if not quite so correct, it is nseM as a 
check on the accnracy of the work. 

In calculating the distance of the centre of gravity of displace- 
ment from No. 1 section, it is required to find the moment of each 
section, which is its distance multiplied by its contents, the sum of 
these moments divided by the sum of the contente will give the 
distance required ; bnt as this process involves krge sums of fignres, 
it is cnrtaUed by mnltipljing the area of each section by the ntunber 
of its place, from No. 1 ; if then the snm of the areas so mnltiphed 
is divided by the sum of the areas, and the quotient is multiplied 
by the distance between the sections, the same end is gained with 
a less amount of figuring. 

The poeiti(Hi of the other centres of gravity is calcnlated on the 
same principle. 
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I have Dot thoaght it advisable to explain the methodfi of calou- 
latmg the stability, the result of this lengthy proceee b^g of rery 
donbtM utility, as elsewhere explained. 

It will be Been that the necessary calcalations for a yacht are 
eztr^uely simple and easy of performance ; indeed anyone tolerably 
well Tereed in elementary arithmetic may complete the whole for a 
Tcssel of abont 2O0 tons in lees than an hour, when equidistant 
vertical sections and the water lines at their proper heights are 
drawn in the half-breadth or body plans. 

It now remains to find the area and portion of the centre of 
effort of the saOs. The area of the triangular sails, snch as the 
fore-eaU and jib of a cntter, is thns fonod : 



Draw Bd perpeodicnlar to AO, multiply AC 1^ Bd, and 
divide the product by 2, which gives the required area. 

The centre of gravity of a triangular sail ia fonnd by bisectdng 
A G in e, then two-thirds of the distance B e set off from B towards 
«, will be the centre of gravity of the pkne ABC. 

When the shape of the sail is a trapezium, such as the main-sail 
of a cutter, the area is ascertained by dividing the whole plane into 
two triangles by a diagonal as A G or B D, and findirg the area of 
each triangle. 
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The centre of gravity of each of the four triftngles bong found, 
as at e, f, g, h, and the opposite centiee joined by stiaight linee as 
«/, ^ A, the common centre of granty of the whole plane A B C D 
will be at the intersection oi ef vitii ff h. 

The areas of the sails of the schooner (Plate 10), calculated in 
the foie^ing manner, will be as follows : — 

Bta7-«ai 902 

Fore-Bwl 1230 

H«D-m] 2028 

«310 
The position of the centre of eSbrt as to height above the water 
line is foond by multiplying the area of each sail by the perpen- 
dicnlar distance of ita centre of gravity from the water line, then 
dividing tiie snm of these products or moments by the sum of the 
areas, the quotient is the required distance, thus : — 

HditatoTCa. 
Ant. iDan L. W. L. 

Stay-eftil .... 992 x 29'6 = 25395 
Fore-Bail .. .. 1290 x 320 = 412B0 
Hoin-BBil . . . . 2028 x 31-6 = 64084 

4810 }180719 



30 ' 33 = h^ht of the centre of effort above the toad water line. 

The distance of the centre of effort ftom any perpendicular to 
the water line, is found by dividing the difference of the moment 
of sail before and abaft that perpendicular by the area of sail ; 
according as the excess of the momenta is before or abaft the 
perpendicular, so will the position of the centre of effort be, thus : — 



35-1 before = - 3481B- 
60 „ = - 7740- 
27-5»bft(t = 'X 5ST70- 



{34819 + 7740 - 55770) ~- 4310 = 3 ■ 06 feet = the distance the 
centre of e^rt is abaft the centre of gravity of the vertical longi- 
tudinal section. 
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losskai. 



The rule for meaanring the toimi^e by biuldera' measoremeut, 
-which was the old legal measnr^neut, is as follows : — 

The length to be taken on a straight line along the lover edde of 
the rabbet of the keel, from the hack of the nuun steni<poet to a 
perpendicular tine from the fore part of the main stem under the 
bowBprit, from which, snbtractmg three-fifths of the breadth, the 
remainder shall be esteemed the joat len^ of the keel to find 
the tonnage ; and the breadth shall be taken from the outside of the 
outside plank in the broadest part of the ship, whether that be 
above or bebw the main-wales, excInsiTe of all manner of doubling 
planks, that ma; be wrought upon the ^dee of the ship; then, 
multiplying the length of the keel by the breadth so taken, and the 
product by half the breadth, and dividing the whole by 94, 
the quotient shall be deemed the true contents of the tonnage. 

In calculating the tonnage by the above role, it should be 
observed that the breadth is not to include the additional thickness 
which the plank may have at the place of the greatest breadtli 
more than Uie bottom plank : thus, when the bottom phmk is three 
inches thick, and the walee five inches thick, should the broadest 
part of the vessel be at the wales, four inches must be deducted 
from such greatest breadtli. An example of calculating the 
tonnage by builders' or old measurement is as follows : — 

SOfMt. 



Breadth for tonnage 

SO 

15 sMthB of (he breadth. 


65 = length of keel for toncage. 
2S = breadth. 


1625 

lZ-6 = half breadth. 


94)mU-6 

2161-94 = tonnage 0. M. 



The Boyal Thames and Boyal London Yacht Clubs have 
recentiy adopted a modification of the bnildera' tonnage in measur- 
ing yachta for racing purposes. The Eoyal Thames Yacht Club 
rule is : — The length shall be tak^ in a straight line at the deck, 
&om the fore part of the stem to the after pfu-t of the stem-post. 
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from which, dedoctmg the b^adth, the remaiDder ehall be eeteemed 
the just length to find the toniu^, and the breadth shall be taken 
from the oatside of the broadeBt part of the yacht ; tlieu mnltiplyuig 
the length by the breadth so taken, and the product by half the 
breadth, and dividing the whole by 94, the qootient ahall be 
deemed the true tonnage, provided always that if any part of the 
stem or stern-post project beyond the length taken as above 
mentioned, such projection or projections shall, for the pnrposes of 
finding the tonnage, be added to the length, taken as before 
mentioned, and that all fractional parts of a ton be considered as a 
ton. 

The Boyal London Yacht Olnb takes the length and breadth in 
a similar manner, bat deducts three-fifths of the breadth &om the 
length to obtain the just length for tonnage. 



NEW MEASUKEMENT. 

The present legal measnrement: — Divide the length of the upper 
deck between the after part of the stom and the fore part of the 
stem-post into six equal parts. 

Deptha. — At the foremost, the middle, and the aftormost of these 
points of divifflon, measure in feet and decimal parts of a foot the 
depth from the under side of the upper deck to the ceiling t^ the 
limber strake. In case of a break in the npper deck the depths are 
to be measured &om a line stretched in a continuation of the deck. 

Breadtht. — Divide each of these three depths into five equal 
parts, and measure the inside breadths at the following points, viz. : 
at one-fifth and at foor-fifths of the upper deck of the foremost 
and aftermost depths, and at two-fifths and fonr-fifths from the 
npper deck of the midship depth. 

Length. — At half the midship depth, measure the length of the 
vessel from the after part of the stem to the fore part of the stem- 
poet; then to twice the midship depth add the foremost and the 
aftermost depths for the sum of the depths. Add together the upper 
and lower breadths at the foremost division, three times the upper 
breadth and the lower breadth at the midship division and the 
upper, and twice the lowoi' breadth at the after division for the sum 
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of tlie breadths. Then multiply the sum of the depths by the sam 
of tlie breadths, and this prodnct by the length, and divide the final 
product; by 3500, which will give the number of tons for register. 

The new measurement is more adapted for ascertaining the inter- 
nal capacity of a merchant vessel than for estimating the size of a 
yacht. It has one serions drawback to its general adoption, as it is 
nearly impossible to decide upon the pretnse tonnage a veeeel will 
have before she is completed, and therefore it has &iled of the in- 
tention of its promoters in improving the form and dimensions of 
vessels to be measured by it, as although tbe law has now he^i In 
force since 1826, vessels are invariably bargained and paid for per 
ton of bnllders' measurement. 

As the subject of yacht measurement has lately attracted a large 
share of attention, and is so closely connected with the improvement 
of yachts, it may not be beyond the subject of this work if we 
examine the question rather minutely, and in so doing we shall give 
a slight sketch of the past history of racing yachts, and endeavour 
to show how fiir the club measurement has affected them, and what 
is really required in any club measurement. 

For many years after the establishment of the Boyal Yacht 
Squadron, yachtsmen seem to have been afraid of anything new, and 
to have deferred to the notions of sea-going and"experi^cod"men. 
The full bow and fine run were the peculiar characteristics of the 
&6teet yachts of each class, and although improvements of form 
were gradually eflfected, yet the " cod's head and mackerel's tail " 
was the only admired conBtruction. From experience it was found 
that such vessels measured by any standard were deficient in nearly 
every essential for speed. The hull above water was ponderoos and 
large, thos rendering the vessel crank, and exposing a large surface 
to the wind. At sea the fnll bow is very detrimental to speed, each 
successive wave nearly stopping and frequently striking the hnll 
with dai^eroos violence. The only thing to be said in favour of this 
form is that vessels so constmcted are comparatively dry, but this 
dryness is invariably purchased at the cost of velocity, as a vessel 
moving slowly can hardly be expected to throw the vrater over her- 
self. These veBsels had a midship section more resembling that of 
the ' America ' than of the narrow clippers which succeeded them : 
the greatest width was considerably above the water line; the stem- 
post was upright, or nearly so, and the deck very round forward. 
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Od a modificatioD of thia type the 'Amw ' and 'Alarm ' weie bailt, and 
the very decoded improvement effected in both these yachts by being 
l^gthened forward affords a oonvindng proof of the march of im- 
pioT^nent in the form of faat Tessela made Utterly. The ' Alarm ' 
for many years was looked upon as the champion yacht, nntil a new 
dsm of veesela conatrocted QpoD diametrically opposito principles 
appeared ; and the &ct of the ' Heroine,' of thirty-fiYe tons, beating 
the 'Alarm 'in a race at Gowes, drew general attention to the yachts 
bnilt by Mr. Wanhill, of Poole. 

To Mr, Wanhill must be awarded the praise of originahty. He 
saw the errors of the match-sailing system, and profited by them. 
It is nn&ir to place the Teeaels built by him years ago in compari- 
son with those now bnilt ; bat they stand oat in strong reUef &om 
those that immediately preceded him. In &ct> it is not too much 
to say that the introduction of the Poole veesels made a far greater 
stride towards an improvement in speed than was made by the 
'America.' Immediately apon their appearance a revolation was 
effected in the form of every yacht intended for racing, end spread 
itself inmdionsly into nearly all claasee of yachto. Mr. Wanhill 
was the first boilder who had the courage to boild veesels mach 
sharper at each extremity than any then existing ; and, knowing 
well that speed depends in a great measare on raze, he raked the 
stem-poet, and increased the deptii, thereby obtaining a larger 
vessel without increase of tonnage, according to the old law ; and 
seeing that breadtb was the principal element in the tonnage, he 
decreased' the breadth ; at the same time, by increasing the depth, 
and employing lead for ballast, he both lowered the centre of gravity 
and increased the capacity for ballast, thns enabling his vessels 
with small hull to carry a large area of sail. 

The chief characteristics of the Poole vessel were then the raking 
stem-post, great fineness of the water lines at both extremities, great 
draught of water, a reduction of breadth, lead ballast, and enormous 
sails. AlthoQgh the object of speed was attiuned by these means, it 
was met by serious coonterbalancing evils : there is little comfort at 
sea in such veesels, the great weight of ballast makes them plunge 
heavily, they are wet, require a numeroas crew to work the sails, 
and there is comparatively little room below for the owner. How- 
ever, where speed was the object these vessels fotmd particular 
fovour, and many yacht builders, following in Mr. Waubill's 
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wake, deeigned reeaels on eimilai [oinciples, if not with nmilar 



On this Bystem out clippers veie constrncted until tlie arriTal of 
the ' America ' made a thiid era is yacht building. She diSered &om 
the Poole reesel in every respect excepting the latge sails ; she had 
little ballast, was rather shidlow than otherwise, had an upright 
stem-pcst, great breadth, remarkably sharp water lines, and her 
main breadth was moch &iiher aft than was then geneiaL This 
gave her a great advantage at sea, as &om her small displacement 
she was not only lively, but affected by the action of the waves less 
than a vessel with a fuller bow and greater weights But it was not 
only at sea that the 'America' was remarkable; she gave convincing 
proof of her speed on more than one occasion, and henoe arose an 
almost superstitioTis admiration for anything American applied to 
yachting, That the 'America' was a vast improvement on omr 
yachts in many respects no one will deny, but she has generally 
been measorod by one standard and admired by another. The idol 
has been admired for her speed as compared with otir schooners, and 
measored ibr her accommodation as compared with our clippers ; or 
latber, in admiring the talent of the Americans in decdgning their 
craft, we have forgotten to blame oniselves for placing a barrier 
against improvement in the constmction of large yachts. TCth 
oui miserable tonnage laws, we conld never hope to compete with 
the imtrammelled American; oar &steet vessels were snch small 
cntters as were able to avail themselves of a shnffling evasion of 
tonnage. Applied to larger craft this evasion was inadmiasiUe; 
hence little or no improvement is to be traced in the constmddon 
of large-class yachts for many years prior to 1851. However, the 
' America ' set oar boilders to work, and nothing was to be seen 
bnt long bows, or lengthened bows. In many instances this ha§ 
been carried to an absurd extent, proving how little science has 
been bronght to assist the naval architect. The snocess of the 
' America ' is to be attribated to a fiir more intricate combination 
of qoalitiee than those who see nothing remarkable aboat her ex- 
cept the sharp water lines imagine. She had evidently been con- 
strncted with great care, her centres of gravity were well adjusted, 
the sails balanced with considerable skill, and what was probably 
of still more importance, she had an excellent crew. In many 
of those yachts built in Ei^land since 1851, the 'America' has 
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beoi adopted aa a model, bnt instead of analyzing the elementa of 
that Teesel before attempting to oopj her, our builders have daahed 
tdindly at the long bow, and omitted every other pert of the ori- 
ginal ; yet the builders ate not altogether to blame ; they hare to 
sapply reesels bnilt in accordance with the prevailing taste, and 
tbos, in many instances, yachts were constructed which differed 
materially fix>m what the better judgment of the bnUdeF suggested. 

The application of the tonnage law to yadit races has acted most 
prejudicially to the interests of the yBchtsmen ; certain clasafication 
and measurement has been adopted, bnt it has frequently happened 
that Bcnne one yacht, availing betself of the defects in the tonnage 
law, has particnlarly distrngoished herself; wherever she appeared, 
the entries diminished in nombei ; the i^niliTig committees finrling 
the regattas on the decline made some stringent rales, pointed ex- 
clnmvely at bringing the fiist yacht to the level of the slower, and 
no sooner did a small yacht succeed in Tanqnighing a la^;er one^ ' 
than the " time" hitherto allowed her was abohshed. The sole aim 
of the sailing committees appears to be the suBtentataoD of their 
races ; they forget that in the natural course of things an improve- 
ment in the form of the yachts takes place, and the fitct of the 
small vessel beating a larger is bat an indication of advancement in 
the right direction, and shows that their efforts in eoconiaging a 
swifter chiss of vessels have met with saccess beyond their ezpeo- 
tation : that the vessels are bad is the fault of the system and of 
the measorement, and the remedy oonaiats in subetituting a better 
system and better measurement. 

It therefore appears that the club measurement has had a great 
but most pemidous influence on the constniction of yachts and in 
the promotion of sport ; and before a remedy can be applied it will 
be necessary to determine by what standard their speed is to be 
measored; whether the epeei is to be positive or comparative; 
whether it is t^ actual speed through the water, without respect to 
any consideration of theoze of theverael; or whether it is the speed 
of one vessel compared to that of another of diS^ent dimensions. 
Now, this is most important, because it may happen that unless the 
measure be a good one the comparison may be unjust, as the larger 
vessel may be the slower. Bearii^ in mind that the object of a 
sailing match is that the festeet vessel should win, and that where 
two or more yacht« of unequal sizes are matched the fastest in pro- 
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porti<m to size should win, we require a means of estotnatijig the 
size, and so handicapping them that the best yacht shall not sail 
under any disadTantage. The present tonnage meaanrement has 
been productive of the present class of racing yachts, a class which 
no one can wish to see perpetuated, as it inclndes very many 
bad featnres. As a sabetitate, some of the clabs have adopted a 
modification by taking the length aloft instead of the length below. 
This is probably an improTement, but will merely affect the rake 
of the st^m-post. Some experienced yachtsmen advocate one 
dmple measure, that of length only, but this is doubly objectionable, 
as it admits unlimited breadth and unlimited depth ; thus we shoold 
have broad yachts, which &om their form would have great stability, 
and conseqnently carry large sails, entailing all the miseriee of on- 
seaworthinees, expense, and deficient accommodation. Other pro- 
positions for an amended plan of measurement have been suggested, 
bnt they all appear to be based on a wrong fotmdation ; they con- 
template merely an alteration of the existing tonnage, and the 
sabetitntion of some other measure of the capacity of the vessel 
whereby to measure her speed. These two things — speed and 
capacity — are so opposite, that they can hardly be reconciled or 
compared. We have seen the 'Heroine' beat the ' Alarm,' the 
' Arrow ' and ' Mosquito ' beat the ' America,' yet no one thought 
the ' Herdne ' a better vessel than her oppou^it, or would have 
preferred either of the cutters to the schooner. 

What, then, is really required ? First, a measure of the hull for 
club purposes, or as a means of comparison ; and second, a measure 
for racing purposes. For the former, the old tonnage may be as 
good as any other measurement ; and for the latter we require some 
limit which may admit of a Mc and equitable classification or means 
of handicapping for a race, while it leaves the naval architect at 
liberty to constmct his vessel on any system which he may think 
proper, without permitting him to infringe or evade the measure- 
ment. Kot only should this unit of size offer inducements to 
improve the forms of yachts, bnt it should aim at an improvement 
in the rig and arrangement of the sails. When snch a measnre- 
ment is established, we may hope for the substitution of correctly- 
modelled yachts, in lieu of the over-sparred and over-mfomed vesscJs 
which are to be found at the starting buoys of every regatta. 

The &ot is, that the only c<»xect measure of a yacht for racing 
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porpoBee ia the maasnremeat of the sails. Its greet simplicity «td 
pmcticability are only aecondary recommendationB to the evident 
adyantagee to be derived bom its adoption ; no valid objectioii except 
that of novelty has ever been isised against it, and the moet bene- 
ficial results are to be expected were &ia method of measnrem^t 
applied to racing ciafL This is more particnlarly apparent vrben 
preparing a dravring for a racing yacht. The first question natnr&Uy 
is, What vessel is it required to beat, and by what means is she to 
be beaten ? By larger sail or by larger hnll, ot by observing the 
same dimensbns precisely ? It never occore to as that the end is 
to be attained by reducing any part of the original. If the sail is 
increased we gain an advantage over our opponent which should 
attract the attention of the bandicapper quite as much, or more, 
than an increase in what is settled to be no longer a measure of the 
bull. If with smaller sails we ontsiul our rival, who can say that an 
imjm)Tement in the form of onr vessel is not the caose. We have 
given the owner a ^ht of equal size and of greater velocity, re- 
quiring a lees crew, and consequently of less o(»t to maintain, and 
vritb some additional internal space. 

By the jffesent Systran the attempt to improve is discountenanced, 
and a set form of vessel which is daily abused by its promoters is 
fijTced upon us ; and no one yacht dub is yet found bold enough to 
originate some substantial correction of a system which th^ all 
acknowledge to be fundamentaUy wrong. The only objection to 
the measurement of the area of sul is that the innovation is too 
great ; but it most be borne in mind that the remedy should be 
proportional to the disease, and surely the disease is great enough : 
all half measures, or patching of bad ones, are of little or no avail ; 
it has and will only beget fresh evasions, to be met by &eah alter- 
ations, without in any vray producing yachts constructed on better 
principles than those we have at present. 

It may be considered doubtful whether the actual sails could be 
measured, and therefore a method of approximating to the correct 
area has been suggested; but there can be no dif&culty about 
measuring the sails themselves, and in so doing it is a question 
whether the largest top-sail and the largest jib should be included : 
1^ including them balloon sails would cease to appear, and when a 
yacht of any different rig than the usual cutter or schooner ventured 
to race, she would contend on even terms as to sail at least ; or i^ 
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as IB firequently the case, some yacbtemati voald start his Teesel, 
well knowing her powers in sailing to windward, but ako aware 
that without balloon sails his hatdly-contested lanrek would he 
snatcbed from him bj some sailing machine that can donble hia 
spread of canvas when before the wind, then the orer-sailed clipper 
most allow his adversary " time " in proportion k> the additional 
sail, or else not hoist it. 

One of the prominent advantages of the adoption of the sail meo- 
snrement is, that the most difficult questious in match sailing would 
meet with an easy solution. "When the number of crew is propor- 
tional to the work to be done, or in other words, to the sail they 
would have to set and work, there could arise no dispute on this 
head. Again, the allowaoce of time for additional mze can be so 
admirably arnmged when the area of eail is the racing measure of 
size, that when once a good time table was established all trouble 
or annoyance on this score would be obviated. Unless there is an 
allomtnce of time for dze, the seuI measure loses half of ite evident 
advanti^, and the races their interest ; with it, yachta of different 
sizes and rigs can contend in the stmie race with a fitir chance of 
winmng ; without it, only one size of yacht can have a chance. 
The following Time Table, adapted to the sail measure, is a part of 
the system of measurement now advocated ; in fikct, in all matteis 
of racing the time table is of as much importance as the measure- 
ment. This Table was constructed on a car^nl consideration of the 
performances of the ' Mosquito,' ' Volante,' ' Secret,' ' Phantom,' 
' Yampire,' and ' Yesper,' which had sailed so often together that the 
time either of these yachts could beat the others was known to a 
nicety. It may be added, that a vessel of twelve tons sets about 
1500 feet, and a vessel of fifty tons sets about 4500 feet. 

The following Table is calculated on the assumption that the 
allowance of time should bear some proportion to the duration of 
the race. Thus, a vessel, the area of whose sails is 3000 square 
feet, would allow 24| minutes to one of 2000 square feet area in a 
race of e^ht hours, but only fifteen minutes if the race lasted six 
hours ; the length of the match to be estimated &om the time the 
first vessel takes in sailing over the course. 
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Tablb of Tub fob Diffebence of Size ir Yacht Hatches. 
TABLE Tn. 



Ar«ot 


eHo«^ 


ItHmi*. 


THoon. 


HB^ 1 ,Bo^. 


BhUl 


n™. 


Dtir. 


Tu™. 


Ditt 


Tim.. 


DUt. 


■n™. 


DUt. 


Time. 


Ulff. 




inio. 


mm. 


min. 


mtn. 


min 


Bin. 


mta. 


min. 


min 


mm. 


1500 


42 




Si 




55* 








70 ■ 




1600 


39i 


H 


8 


92 


^ 




4" 


^ 


i* 


1700 


37 


2 


42i 






A 




3 


4* 


1800 


34* 


2 


40 








51* 


8 


57* 


i 


1900 


321 


2 


37* 


2* 


421 




48 


3* 


53* 


SI 


2000 


SO 


2* 


35 


a! 


40 




45 


8 


50 


Si 


2100 


28 


2 




87* 


42* 


2 




3* 


2200 






SO 




35 




39* 


2 




3 


2300 






28* 


2 


i^ 




37 


2* 




3 


2400 


22} 




26* 


2 




34* 


2* 


38 


2} 


2500 


21 




24J 




2H 




82* 


2t 


35 


2} 


2G00 


19 




2S 




26i 




80 


2* 


33* 




2700 


18| 




^^t 




24 




28 


2 


81* 




2800 


17 


1 


1 


22 






26 




29 


2 


2900 


16 


H 


•18* 


1* 


21 






24* 


1| 


27 


2 


3000 


19 




17 


u 


1»! 






22* 




25* 


1 




8100 


14 




15i 


1* 


18 






201 




23* 






3200 


13 




14* 


1* 


161 






19* 




21| 


1 




8300 


12 




13* 




isi 






17i 


1 


20 


1 




8*00 


11 




12* 




"1 






16* 


li 


18* 


1 




3600 


10 


1 


11 




13 






15 




17 


1 




S600 


91 




10 




11! 






ISJ 




15* 


1 




3700 


8} 




s 




101 




12* 




14 


1 




3800 


7i 




8 




31 




llj 




12| 


1 




3900 


7 




7 




«! 




10 




11* 


1 




4000 


3 




6| 




71 




8 


1* 


10* 


] 




4100 




6 




3 




7 




9 


1 




4200 


*l 




5* 






6 




6 


1 


4300 


4 




4* 




4 




5 




7 


1 


4400 


»i 




31 




n 




4 




6 


1 


4500 


2} 




. 3 




^ 




3| 


1 


S 


1 


4600 


2 


2* 




2| 




3 




4 


1 


4700 


1* 




1* 




n 




2* 




3 


1 


4800 


1 




1 




1 




H 




,2 


1 


4900 


i 




* 


* 


i 






1 


6000 


















1 
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DESCRIPTION OP THE PLATES. 



ScHoONBR Yacht. — Phte 1. 
This drawing ig intended to illustrate the method of construction by 
Chapman's parabolic system, and ie particularly referred to at page 45. 
The Table of Calculations relates to this vessel. 

In this drawing the load water line is the base, and the intermediate 
water lines are placed at eqnal distances between the load water line 
and the lower edge of the rabbet of the keel. The ticked lines in the 
half-breadth and body plans show the form of the water line when the 
vessel is inclined 10°. 

Thh ' Ambrio A .'—Pia(e 2. 

Was designed by Mr. Steers, and bnilt in 1851 by Wilkes, of New 
York, for J. 0. Stevens, Esq., Commodore of the New York Yacbt 
Club. She crossed the Atlantic with reduced spars and sails refitted 
at Havre, and arrived at Oowes, July 31st, 1851. On the 22nd of 
August she won the Boyal Yacht Squadron Cup, beating the 'Alarm' 
(cutter) and several other fast yachts, aud on the 28th of the same 
month she beat the * Titania,' schooner yacht, in a private match. A 
few days afterwards she was purchased by Lord de Blacquiere. In 
1852 she sailed at the regatta of the Boyal Victoria Yacht Club at 
Byde, and was beaten by the ' Arrow ' and ' Mosquito '; shortly after- 
wards she was successful in a match with the Swedish schooner 
' Sverige.' 

On an investigation of the elements of the ' America ' set forth in 
Table VIII., we shall see most of the material points iu which she 
differed from English schooner yachts. Her displacement, area of 
load water line, and area of midship section are remarkably small in 
relation to the circumscribing dimensions. The centres of gravity of 
displacement, of area of load water line, and of vertical longitudinal 
section are placed ranch farther oft than was usnal, and her centre of 
effort of sail is fat aft. She was in foct a vessel with a small hull 
in proportion to her dimensions, and therefore she was able to avail 
herself of much sharper water lines than bad previously been 
attempted in large yachts, consequently the small amoimt of resist- 
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ance to prc^reseiTe motion whicL she experienced in proportion to the 
lateral reaiHtance, admitted of her being sailed very near the wind 
withoat her Bp^ed throngh the water being materially di mini abed. It 
is mnch to be regretted that no very decisive trial took place between 
the ' America ' and other fast yachts whilst her American crew manned 
her. The trial for the Boyal Yacht Sqnadron Gup was for many 
reasons most nnsatiafactory, and the 'Titania' was certainly an 
opponent unworthy to contend with Buch a powerful yacht. In some 
respects the ' America ' ia inferior to the English schooner yachts of 
about the same size ; she has less accommodation below, and deficient 
head room in the cabins. By retaining the principal* points of her 
oonatmctiTe elements, and adopting a rather different form of midship 
section it ia probable that a combination of the a<lTantagee of both 
classes might be the reault. 



' TiTAHiA ' (now ' Theuib ' ). — Plate 3. 
Was built by Messrs. Bobiuson and Bnssell, of MillwaU, in 1851, 
for Bobert Stephenson. She is always considered to be the repre- 
sentative of the wave system of construction, having been dcBigned 
b; Mr. Scott Bussell. Her peculiarities are, small displacement and 
small area of midship section in proportion to the circnmBcribing 
dimensions, and the several centres of gravity except the centre of 
vertical longitudinal section are far aft. Bhe has a very full water line 
aft, and her atem-post rakes excessively ; to which may be attributed 
the peculiar arrangement of the centre of effort of sail : it wonld 
appear as though the position of the masts had been detormined by 
some rule fonnded on the length of deck, and consequently the masts 
were stepped too far aft. The system of construction on the wave- 
line principle aa explained by Captain Fishboume is Bhown by 
the ticked lines in the half-breadth plan ; however, it seems that the 
rule laid down by that author is not applicable to the load water 
line of the ' Titania,' Whether this discrepancy arises &om an error 
in the drawing, or from an error in his description, it is impossible 
to say. 

'Mary Tatlob.'— P^j(e 4. 
Although strictly speaking the ' Mary Taylor ' cannot bo classed as a 
yacht, yet no apology is needed for introducing her among a collection 
of drawings of &st veesela. She was designed by Stoors, the conBtmctor 
of the 'America,' and was the first vessel of her class or description. 
The present drawing is taken &om some spilings given in Griffiths's 
NavcJ Architecture. 
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The pecnliaritiee of the ' Mary Taylor ' are her extreme ehallownesa 
of floor and great depth of keel, small displacement, and the great 
distance at which her midship section is placed abaft the middle. It 
miist be borne in mind that she was constructed for a pocaliar service, 
and no doubt she admirably answers the end in view. The pilots 
require & vessel that can not only sail well on all points to enable 
them to catch and keep up with large vessels at sea ; hut one that 
will lay to easily in all weathers. For this latter service the ' Maty 
Taylor' appears to bo well adapted, as her small displacement and 
sharp bow render her buoyant and dry, when laying head to wind, 
and her sharp lines must cause her to reach well ; but it may be 
doubted how iar these qualities are compatible with speed on a wind. 
In fact her owner (the captain of the ' America ') asserted that she 
answered his purpose exactly, bnt expressed a doubt as to her sailing 
very fast to windward in a seaway. Very probably her constructor 
was aware of this, as in designing the ' America ' he increased the pro- 
portion of depth considerably. The arrangement of the centre of 
effort BO as to produce a good balance of fore and after sail plainly 
indicates the great pains taken by the constructor in adapting the sails 
to the hnll, otherwise with some parts of his vessel so widely different 
from ordinary vessels he would most likely have produced a complete 
failure. 

Teh ' Mosquito.' — Plate 5. 

Is an iraa yacht built by Mare, of Blackwall, in 1848. There is 
some doubt as to whom the credit of designing her belongs. Mr. 
Ditchbum and Mr. Waterman both claim the hononr. On her first 
appearance, in 1848, as a racer, she won a prize of the R.T.Y.O., 
beating the ' Arrow,' ' Heroine,' and others. For some years she was 
an nnfortonate vessel, as although she occasionally carried off a prize, 
yet she was generally beaten by the ' Cynthia,' ' Cygnet,' or ' Volante,' 
whenever she came into competition with these yachts. 

In 1852 Lord Londesborongh (who had purchased her the year 
before) engaged the successful captain of the ' Cygnet,' and the result 
in the change of commanders was soon manifest. 

In 1852 and 1853 the ' Mosquito ' was engaged in sixteen races, and 
was beaten but once, at Kyde, the 'Arrow' coming in a foot or two 
only in advance. During this victorious career she was opposed to 
nearly every fast yacht afloat. The ' America,' ' Arrow,' ' Alarm,' 
' Volante,' ' Cynthia,' ' Aurora,' and ' Julia,' were among those that 
had to acknowledge the wonderful sailing properties of the formidable 
' Mosquito.' 

Lord Londesborough parted with her in the autumn of 1853, and 

a 2 
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she became the property of M. Faye, of Drontheim, who kept her in 
the Baltic till the early p&rt of 1856, when she once more appeared 
in England, and was purchased by Mr. Yomig. 

The 'Mosqnito' was eBsentiallyoueof thedeep claae of cutters, and 
it should be remarked that although constructed in 184^8 she possessed 
many of the qualities for which the ' America ' wae so much admired 
three years afterwards : the angle of the load water line forward in the 
former, is but one degree less acate than in the latter, and the positioa 
of the several centres of gravity and of the midship section is farther 
aft than was usuaL By a careful comparison of the elements of their 
construction we shall find that in many principal proportions there is 
great similarity between the ' America ' and the ' Mosquito.' It may 
be doubted whether the 'Mosquito* would have answered had ebe 
been constructed of wood : her keel and garboard plates were of very 
thick iron, weighing several tons ; this, added to Uie thin material of 
her bottom, admitting the ballast to be stowed near the keel, 
brought the centre of gravity of the ballast very low down, 
and enabled her to carry immense sails. She differed from the 
generality of racing yachts in one important particular, as she had 
la^e cabin space, and had upwards of seven feet height between 
decks ; and, in complete opposition to the commonly-received notions 
concerning racers, that internal fittings are detrimental to speed, she 
had five complete bulkheads across her, besides two half partitions. 
As it may be interesting to many yachtsmen to know in what manner 
she was prepared for racing, I may state that on no occasion was any 
bulkhead ever removed; the doors were sometimes taken down, the 
sofa lockers removed, and taken out of the vessel : the contents of the 
forecastle and sail-room aft were transferred to the main cabin, 
together with the windlass, anchors, and any weighty part of the 
equipment, which were placed under the platform of the cabin. 

The principal &ult in the constraction of the ' Mosquito * was the 
excessive fulness of her water line abaft, which caused her to drag a 
large wave on the lee quarter. 

The dimensions of her spars were as follows : — 

R. in. lui. 

Lengtli of mast, heel to cap ' .. .. 31 10 .. ISf 

Hoiet of main-Bail 37 '8 

Length of maat-heiid 9 7 

„ top-maat, heel to sheave ..37 6 

„ boom 52 6 .. 12 

„ gaff .. .. 37 

„ bowsprit 46 6 ., 13 

„ „ honsed .. .. 12 6 
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Thi ' Cyonet.'— Piote 6. 



Was built in 1846, by MesBre. Wanhill, of Poole, for Hedworth 
Lambtou, Esq. The Messrs. Wanliill had greatly distingniBhei] 
tLeinselves by building the ' Heroine,' a cutter of 35 tons : this yacht 
had in 1845 beaten the ' CorBsir,' 86 tons, at Weymouth, and the 
celebrated 'Alarm,' 196 tons, at Cowea. Mer buildera doubtleea 
imagined that they could construct another vessel of similar tonnage 
to eclipse their previons production,— whether the ' Cygnet ' realized 
these exx>ectation8 is not exactly proved. 

The first match sailed by the ' Cygnet ' was on the Thamea, where 
she met the ' Heroine,' and after a closely-contested race the latter 
was victorious. The same yocbta met again at Byde, where in two 
following races the 'Heroine' carried off the prize. It was not till the 
regatta of the Eoyal Victoria Yacht Club in 1847 that the ' Cygnet ' 
may be said to have commenced her fortunate career ; on that occa- 
sion she beat the ' Eclipse,' ' Daring,' &c. In 1848 the captain of the 
' Heroine ' was engaged by Mr. Lambton, and in that year we find her 
Bailing at Southampton, beating the 'Arrow' and 'Vision'; and on 
the following day beating the 'Vision,' a yacht of 46 tone, also 
built by Mesars, Wanhill : this race was adjudged to be re-sailed, and 
the ' Cygnet ' again showed her superiority by beating the ' Vision ' in 
a gale of wind. In 1849 an alteration was made in her quarter 
(shown by the ticked lines in the body plan), which improved her 
both in speed and appearance. She won the Eoyal Thamea Yacht 
Club Challenge Cup, beating the ' Cynthia ' and ' Mosquito.' She 
also won Her Majesty's Cup at Cowes, when her opponents were the 
.' Arrow,' ' Gondola,' and ' Dryad.' In 1850 she was again victorious 
in the Thames, winning Her Majesty's Cup, and again at Poole in the 
same year, on each occaeion beating her old rival the ' Heroine.' 

But it was not so much in her victories that the 'Cygnet' distin- 
guifihed herself as in her defeats ; in six races of the Royal Thames 
Yacht Club she had to contend with the ' Cynthia,' ' Moaquito,' and 
' Yolanto,' each of 60 tons, and although she was imeucccssful in theso 
races, her osccllent sailing attracted as much attention ae that of any 
of her adversaries. More than once she lost a race by less than a 
minute, and generally gained the second place. She was never beaten 
by any yacht of smaller tonnage than herself, and may fairly bo taken 
to represent the champion yacht of her size. 

The principal fault of the ' Cygnet ' conaisted in her bow being too 
full, hence it was found by those well able to judge of her capabilities 
that it was impossible to got more than a certain velocity out of her, 
as when she had once acquired that speed she made such an ezcessiTe 
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snrge at the bow, that no increase of sail could be available. This 
fact might be more particnlarly noticed in the matchoe on the Thames, 
where her large opponents nsnally ran her by about twelve or foarteen 
minatee between Grith and the Xore : but no Booner were they on a 
wind, when the prt^reesive motion in the line of the keel is neceBsarily 
leas, than the 'Cygnet' invariably improved her position in the race. 
An addition of about four feet to the loigth of the bow would un- 
doubtedly have greatly increased her speed in reaching, but she could 
hardly be expected to display the some rapidity in tacking had the 
alteration been made. The defect in her conetmction alluded to may 
be traced in the caloulations. We find every element embracing the 
longitudinal position of any centre of gravity remarkably far forward 
as compared with ether clipper yachts of nearly the same size. 

The ' Heroine ' in many respects resembled the ' Cygnet,' but ehe 
hod a sharper midship section, was sharper forward, and of less dis- 
placement. 

' THoroHT.' — Ptrte 7. 

Was built in 1852 at Wivenhoe, by Harver, the builder of the 
' Volante.' She was found not to answer the expectations of her 
owner, who had her taken completely apart in 1854, and remodelled 
and built by Hatcher at Southampton. In the drawing, the ticked 
lines represent the original vessel, the plain lints the 'Thought' as 
rebuilt. lu 1854 she was beaten by the 'Phantom' three or four 
times, but afterwards, under a more able captain, she beat her rival on 
three occasions. In 1855 she was again beaten by the ' Phantom.' 

The ' Thought ' is a small vessel in proportion to her dimensionB ; 
the various centres are placed considerably abaft the middle, except 
the centre of vertical longitudinal section, which, on account of the 
raking stern-post, is situated before the middle of the load water line. 
It will be noticed that the ' Thought ' is of about the same length and 
depth as the ' Cygnet,' consequently the expense of building must be 
nearly equal ; but in point of speed and accommodation there can be 
little donbt as to the advantage being on the side of the 'Cygnet.' 
Such vessels as the 'Thought' and 'Phantom' are engendered by the 
bmnage law, and are comparatively of little or no use except to sail in 
races. 

' Vbspbb.'— PZate 8. 

The ' Vesper ' was built in the early part of 1851 by Eubie, from a 
design of the author. She is a fast and roomy little craft of fifteen 
tons, O.M., and is remarkable for having weathered the fearful gale of 
August 11th, 1852, during the height of which she rounded Portland 
Bill without a fore hatch and with an open cockpit. 
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81)0 would probably be improTed in speed by addition to ber lengtb 
forward. In this drawing tbe labbet of tbe keel is tbe base. 

Thb ' LiTTLK MoeauiTO.' — Plate 9. 

Was built by Hatcher at Sontbampton in 1853, in whicb year she 
was succeBsM as a racer. In 1854 ebe appeared on tbe Tbames, and 
won ail prizes in anecesfiion, beating many lai^er cra& 

I have introduced the drawing of the * Little Mosquito ' because in 
many respects she differed from the generiJity of racing yacbts. She 
was huilt to compete with the small craft at Southampton, where for 
racing puipuses the measure of length only is taken, coneeqnently 
her builder aimed at producing a large boat of 23 feet length, as 
is evident from her upright etem-post and great comparative breadth. 
That this system of constraction is not incompatible with speed, is 
proved by the fact of the ' Little Mosquito ' beating many fast yachts 
of larger tonnage and of very superior length and depth. 

I have attempted to show in the ticked how and stem the method 
of lengthening (alluded to at page 53), apart &om the question of 
whether such alterations are desirable. At the foie part the stem is 
produced 30 inches, and the lines of the sheer and half-breadtb plans 
are carried out to this extent. At tbe stem a raking stern-post is sub- 
stituted for an upright one. 

' Flyiko CufUD.'— Plate 10. 

This beautiful 75-ton schooner was built at Lymington, in 1852, 
by Mr. W. Inman ; at the same time the ' Vestral ' was built by his 
brother Mr. G. Inman, but never raced until bought of J. Fleming, 
Esq., by her present owner, Count Edmund Batthyany, in 1862, who 
had her hauled up at Hansen's yard and a two-ton lead keel put on 
ber ; ber masts at that time raked like the ' America's ' ; her fore-mast 
was replaced by ber main-mast, and a tauter main-mast put in ; she was 
completely refitted inside and out ; new gear, anchors, chaius, boats, 
and so on, and had also a new suit of sails by Lapthom. 

Her first appearance as a racer was in the Eoyal Thames schooner 
match of June the 23rd, in which she won the gold shield valued at 
lOOi., against ' Galatea,' 131 tons ; ' Sliark,' 161 tons ; and ' Leonora,' 
105 tons. . 

The ' Flying Clpud ' has since successfully competed with many of 
the most celebrated yachts of the day. 

On June 12th, 1871, she sailed in B.L.Y.C. schooner and yawl 
match, entering as 100 tons, and took second prize, beating ' Livonia ' 
by time allowance 27 minutes 4 seconds, 'Gloriana' by 16 minutes 
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20 eeconde, and ' Gwendolim ' by 20 mmates 20 secoudB, without time 
ftllowajice. 

The following are her dimeomona and partdcolan of her epare, 
eails, &e., at the present timu : — 



, Mftin-sfflil 1718 

■ Pore-B»il 1012 

: BUy-Bttil 472 

Utjib 578 

2ndiib *42 

Brdiib 296 

4lhjib 165 

5th jib 98 

. Maintop-iaU 436 

Jib-hewled lop-«ail 297 

I Fore lop-Bail .. ... .. .. 395 

I BallooQ main top-sail .. ,. 625 

: „ fore topsail 49* 

„ jib 973 

„ slay-sail 596 

Jibtop-eail 481 

; Square lail 1710 

' „ top-aaU 882 

epinnaker 2075 

Main lop-maat Bta;-Bail 3ii3 

Tvo waler-aails 445 

■ Main try-sail 1058 

, Large balloon main top-£ail . . 754 



deck to hounds 



Hoiet of main-sail , , 

Top-mast ltd to sheave . . 
Top-Bail jard, extreme .. 
Balloon „ 



Gaff 

Length of fore-mast 

„ deck to bounds .. 

„ nast-liead 

Hoist of fore-aail 

Top-mastfld tosheave.. 
Top-sail yaid, extreme . , 

Balloon „ 

Gaff 

Bowsprit, from knightheads 



Total 



. 16.375 






Square-sail yard, eitremo ,. 
Square tup-sail „ 

Taffroil to centre main-must 
Centre or main-mast to centre 

Centre of fore-mast to knight- 



Sail Dbawing.— PZafc 11. 
The sails of the schooner yacht, Plate 1 (page 81). The proportions 
and position of the masts and spars is taken &om the Table of schooners' 
spars (p^B 36). The centre of effort when the three lower saQs are 
set is S'09 feet abaft the centre of vertical longitudinal section. 
When the top-eails and jib are added, the centre of effort is 3-5 feet 
before the centre of vertical longitudinal section. In the former case 
the proper position of the centre of effort would be at ■ 006 of the 
length of the water line abaft the centre of vertical longitudinal sec- 
tion, or 80 X 006 = "48 foot abaft. The centre of effort is therefore 
2 ■ 58 feet too &r aft ; this may be accounted for by the great compara- 
tive draught of water forward, which determines the centre of vertical 
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longitudinal section farther forward than is usual. In order to restore 
the balance, some alteration in tlie arrangemont of tbo sails is necea~ 
sary ; either the whole body of the Bails may be shifted forward or the 
main-aail reduced, or the atay-sail enlarged, or some aTrangcmeut 
made by which the centre of effort is brought 26 feet farther forward. 

Model Yacht Building. — Plate 12. 

The tools necessary for Model Yacht building are a pair of com- 
passes, small compasses with a pencil, a good aized-square, a very 
long ruler, long parallel rulers, a few wooden moulds of varioos sizes 
and shapes for acting as rulers in drawing curved lines, and a bow pen, 
drawing paper, a steel spring of about a foot in length, a email hatchet, 
a lai^e saw, a tenon saw, a lock saw, a largo chisel, a carpenters' 
square, a large and a small gouge, a spoko-shave, a small smoothing 
plane, a large rasp with one side round — one flat, a smoother file, a 
large gimlet and screws, a tnm-screw, a quantity of glass paper, some 
pnmicestone, white paint, black paint, and ct^per bronze ; some pieces 
of pine, in which- the grain runs straight and without knots, cat into 
long thin strips about four feet long, a qnarter of an inch broad, and 
about one-eighth of an inch thick. These must be accurately straight 
on every side, and of equal thickness throughout : — they are called 
" battens." 

The paper is nicely stretched upon the drawing board. The body 
plan is drawn at the top of the paper, the sheer plan in the middle, 
and the half-breadth plan below. Draw a line, a h, Plate 12, across 
the paper, and parallel to the ends of the paper; — draw c d, ef, g h, 
parallel to the sides of the paper ; and in about the position shown in 
the diagram, c d is to be the water line in the body plan ; e / the 
load water line in the sheer plan, and g h the middle line in the half- 
breadth plan. Now we must come to a standstill for want of su£B- 
cient data. Are we to be given the form of the midship section? or 
the form of the chief " dividing line " in the three plans ? And then, 
again, may we have the draught of water just as we choose ? We will 
suppose the form of the midship section not to be actually given, but 
only the breadth and depth at the midship section to be fixed uxwn : 
then we take our steel spring and some leaden weights, and adhering 
to the given depth and breadth, we give the spring what curve we like 
and rule it on the paper {as in the diagram). The nest thing to be 
done is to determine the chief dividing line ; — that taken &om the 
point o will most likely be the greatest ; and the point at which it is 
to be made to cut the midship section, <I>, must be determined by 
experience. If that point be too near the keel, then this dividing line 
will have a greater curvature in the sheer plan ; if it be too near the 
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load water lino, the cnrrattire will be greater in the half-breadth plan. 
The latter would be better for long narrow Tcaaels which require 
great floor ; very little rise of floor, and great depth of hold, as coaat- 
ing tossoIb for mud harbours, or steamers, or the long narrow merchant 
Toaaela now built. The other, however, moBt he diosen for shallow 
flat-bottomed vessels, and a medium for yachta. We wUl suppose, 
then, that k is the point fixed upon ;-~-measure the distance &om k to 
the line a 6, and la; it off in the half-breadth plan as bl. Take the 
distance trora k to e d, and lay it off in the sheer plan as m n. Let 
^ & or e/ be the length of load water line determined on ; p the point 
at the stem, to which it has been detennined to take the chief divid- 
ing line ; and there remains for ns to sweep in the curve of this 
dividing line in both the sheer and half-breadth plans. 

That part of the diagram which we are supposed to have already 
drawn, is in plain lines. We will now establish ticked lines &om this 
stage of the proceedings, so as not to confuse our readers, and thus 
render the preliminary part of oar elucidation mote obscure. Our 
neit object is to determine the form of the load water line. If we 
instantly draw all the sections, we ahaU run the risk of much difficulty 
and confusion, and have to pnt our india-rubber greatly in request, 
the paper will get dirtied and marked, and we shall at last get puzzled 
with all the lines we have drawn, so as not to know which are the 
right ones imd which the wrong. We must for the present therefore 
put in only two other sections, at equal distances from the midship 
sections (that is to say, from the line a h). These we have marked B, 
and 2, respectively. Let them cut the chief dividing line at q and r 
respectively in the half-breadth, and at s and t in the sheer plan. 
Lay these off in the body plan ; the distances B g, B s, on the right 
side of a b; and 2 r, 2 <, on the left. And let the two points thus 
indicated be respectively u and v ; so that the 'distance &om u to a & 
is equal to B g ; and the distance from u to c d is equal to B s; and 
similarly for the point e. With centre O, and distance O u, draw an 
arc of a circle. Again with centre k, and distance k v, draw au arc. 
We may now lightly sketch in the whole of these two timber sections 
on the body plan, taking care that they he tangential to the two arcs 
respectively at the points u and v. Let the lines thus sketched in cut 
the line c d in ic and a: respectively. Lay off in the half-breadth plan 
B j; and 2 z respectively equal to the distances from w and xto ah; 
b a being equal to the distance from c oi d io ab. Take the batten, 
and bend it so as to take in the points h, y, a a, g; and sweep in this 
curve. This is our load-water liao. We might possibly have to alter 
this line, or indeed wo might lite to save ourselves trouble subsequently, 
by alterii^ th^ chief dividing line itself. We must not therefore 



)vGoot^lc 



DESCKIPTIOK OP THB MJ.TE8. ' 91 

mark anything with ink at present. The next thing to be done ia to 
put in another water line S y, at BOme distance below the load water 
line, drawing it both in the body and aheer plans. For the half- 
breadth plan measnre the diatancea from a 6, In the body plan to the 
points at which the new watei line cuts the sections already traced ; 
lay them off respectively in the half-breadth plan, and the curve may 
be swept in with the batten; and eo on as before. Other sections 
between those already drawn may be inserted, and then other water 
lines, both above and below the last one drawn, and even above the 
load line also. Whenever contradictiona occur between the body and 
half-breadth plana, and the sections get refractory, then we must pnt 
our india-rubber in request, and alter as our judgment directa. Our 
drawing has now assumed the form represented in the diagram by the 
plain and ticked lines. But our work, although more complete, and 
perhaps very pretty, is by no means terminated ; there may be some 
" unfairness" in the draft, which has escaped our eye, or which cannot 
be detected by those lines which have already been used ; thie unfair- 
ness is most likely to occur about the stern. There may, perhaps, be 
also another fault; the cAse/dividing line may be a beautiful and easy 
curve, but those which may now be described below it, might turn out 
shocking, and as askew as Person's butt. Wo must therefore describe 
other dividing lines upon trial. Thua, for one of these let us begin 
at £ upon the stem-post in the body plan, and, opening tho compasses 
to the proper length, let us describe an arc of a circle which shall 
touch, but not cut the first timber section, and let it touch in the 
point e. With centre s describe, in similar manner, an arc which 
shall touch the neit timber in the point S ; and so on until we arrive 
at the stem-post. These points ?, e, !;, must be laid off in the half- 
breadth and sheer plans, and a curve swept through them with the 
batten. If the batten will not take in all these points, there has been 
some error committed. If the curve is an ugly one, an alteration 
must be made in the timber sections. Another kind of line very 
oseful for " fairing the body," is the buttock line ; this is a line in 
the body plan parallel to ah, and at equal distaoces on each side of 
06. The intersections of this line in the body plan, with the timber 
sectitms, are laid off in the sheer plan, and a curve swept through the 
points thus determined. If the body of the vessel be not fair, the 
batten will not take in all the points. Two or three of theae buttock 
lines are generally used ; ribbon lines ate alao employed ; but as we 
have supposed three or fonr dividing lines to have been traced, it will 
be useless to trouble ourselves with ribbon lines. Here then our copy 
of lines is finished, and may be inked in with tho bow pen ; the sec- 
tions, stem, stem, and keel, the top-rail, and such like, being nsoally 
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in Indian ink; the dividing liuea in red; the water lines green; 
those above the load line being sometimes done in blue ; the bnttock 
lines in brown ; the yellow, being a light colour, may be reserved for 
marking the alterations made in fatoie years, or for showing the dead- 
wood, bulkheads, &c., &c. In the Plate here given we have, however, 
done all in black, and the three stages of onr progrcBS being in plain 

, ticked , and lines respectively, for the sake of avoiding 

confusion to the reader, much as this was iu our power. 

We now lay aside the gentler art of designing, the colours, the 
raler, and the bow pen ; we doff our coat and tack np our sleeves, 
preparatory to a campaign with hutchet, gouge, and apoko-shave. 

It will be observed that, iu the sheer plan, the vessel is divided 
into several distinct portions by the water lines ; boards must be 
provided accordingly. The top bit most be thicker at one end than 
at the other, all the others are of an equal thickness throughout 
(except the vessel be made to draw more water abaft than forward, 
in which case the bottom bit is thicker at the stem end than at the 
bow). The length and breadth required for each of these bits can be 
determined by the sheer and half-breadth plans respectively. Never- 
theless we prefer having all the bits below the load line of the eame 
length and breadth ; for this reason, when these bits are piled up, the 
product of the breadth, length, and thickness of all together will give 
us their solid contents ; and, by weighing the whole, we know the 
weight of an average cubic inch of the wood. When we have finished 
the model, we can, by weighing the same bits, which have since been 
fashioned down, make a very good approximation at the volume, in 
cubic inches, of the water displaced by the model ; from which datum 
the tonnage of the vessel (not the " measurement " or arbitrary rate 
of tonnage) can be pretty accurately calculated. It must be remem- 
bered that the wood must be twice the breadth given by the balf- 
breodth plan ; because, in the latter there ie represented only that 
part of the vessel which is on one side of the middle line. The 
sections must be marked on each piece of wood at the proper distances 
apart, squared across, and the middle line marked in each ; on the top 
of the lowest, piece is then described the lowest water line, on each 
tide of the middle line ; on the next piece of wood the next water line, 
and so on. Our model shipwright then saws them oat with the lock 
saw (leaving a small margin to " come and go upon ") ; he claps them 
into a vice and takes hie plane and spoke-shave until he has pared 
each piece separately down to the pencil mark ; then he screws them 
together, and the model at this stage will have the appearance of a 
flight of steps ; but the edge of the steps is soon taken off by a dili- 
gent application of spoke-ehave, chisel, and gonge ; then the rasp, and 
subsequently the file, reduce it so as very nearly to obliterate all 
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marks at tbe water lines, while sand paper and pnmicestone with oil 
will make it quite accurata If the operator has any doubt of the 
accuracy of his proceodings, he may now unscrew the pieces, and put 
the matter beyond a doubt ; he can weigh them also, as we said before ; 
and, by poising upon the top of a pencil all that part of the model 
which is below the load line, he can ascertain the position (longi- 
tudinally) of the centre of gravity of the displacement. Before 
screwing them np again, the inside of each must be cut out, leaving 
the sides as thick as fancy may direct ; they are then accurately glued 
together ; a keel, stem, and stern-post must he fitted on ; a deck also 
may be added, and the whcde may be painted. Or the littls veseel 
may bo coppered by laying on some crimson bronze with a dry brush 
on some gold size, which has been applied and then allowed to get 
tacky, or half dry. 

There still remains for us the tronhlesome operation of rigging. 
The first requisite is to write to a dealer in model yacht fittings for 
blocks, single and double, caps for bowsprit and mast-head, cleats, hoops 
for masts, anchors, guns, companion hatches, Archimedian screws, 
boomerang propellers, &c., &o. ; all, any, or none of these. Model Yacht 
Builder may write for, just as his fancy snggeata. And we must now 
determine the " point-velique " of the model. Step an upright mast 
at the point whero the centre of displacement is found to he ; place the 
model in water and ballast her with shot until she sits accurately 
down to her load line at stem and stern ; then tie a light string round 
the mast, and pull the model smartly through the water, not with a 
jerk, however, and it will be found, on observation, that, while pulling, 
either the bow or stern will be depressed below the proper line of 
dotation; if the former, slip the string a little lower down upon the 
mast ; if the latt«r, raise it ; and so on until we find out a place for the 
string, such that we can pull the model as &st as we like through the 
water, and provided we give no jerk, without oaueing either bow or 
stem to be depressed ; this is called the " poiut-velique." We must 
also slowly draw the vessel sideways ; and if she comes bodily on to 
us, aU is right ; hut if she rounds in her stern towards us, we must 
add to her keel and stern-post ; if she slues round with her bow 
towards us, we must either cut away some of the keel abaft, or else add 
to the forefoot and stem-post. This business being disposed of, we 
must now determine the shape of the sails ; this is entirely a matter 
of fancy, provided that the centre of effort (or centre of gravity of the 
sails) is at the " point-veliqne," or at least as near it as may be, 

Plato 12, in addition to furnishing us with an example for a model, 
shows the lines of Lord Itobert Montagu's Drontheim yawl ' Cas- 
sandra.' 
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GLOSSAEY OP THE PEINCIPAL TECHNICAL TEEMS 
USED IN THIS WOEK. 

Batten. — A tliiii piece of wood nsed by draaghtamen. 

Bodi/ plan. — One of the drawiogs of a sliip, showing the Bections 

made by a eeriee of vertical planes perpendicolar to the length of 

the ship. 
BraidtA. — In this work ie generally taken to mean the extreme 

breadth at the load water line. 
Btiilock linei. — Lines need in "fairing a drawing." A buttock line 

in the half-breadth and body plane is parallel to the middle line : 

in the sheer plan it shows the form of a vertical longitudinal 

section of the ship. 
Centre of effort of sail. — That point in the plane of the sails at which 

the whole transveree force of the wind is euppoeed to be collected. 
Centre ofgramly. — Centre of parallel forces, — that point in a body at 

which any number of parallel forces acting on the body may be 

sappoeed to be collected. 
Ohamphered. — Sloped off at the edge. 

Counter. — The overhanging part beyond the stem-post and transoms. 
De^. — Is nsed in this work to denote the mean vertical distance from 

the load water line to the lower edge of the rabbet of the keel. 
Diagonal lines. — Lines drawn in a diagonal direction from the middle 

line of the body plan, and projected in the half-breadth and sheer 

plans used in " fairing the drawing." 
Di^tlaeement. — The quantity of water displaced by a floating ship. 

This expression is often used aleo for the weight of that quantity 

of water. 
Draught of teater. — The vertical distance from the load water line to 

the lowest point of the keel. 
Drag. — Excess of ^ranght of w&tet aft beyond the draught of water 

forward. 
Forefoot. — The place where the stem and keel meet. 
6arbo<^. — The onteide etrake of plank next the keel. 
Halfireadlh plan. — A ship drawing showing a series of longitudinal 

tran everee sectioue. 
Ke^. — The lowest timber of a ship, extendii^ longitudinally trora the 

stem to the steru-poet. 
Lateral remtance. — The resietanoe of the water against the side of a 

veeeel in a direction perpendicular to her length. 
Length. — In this work is generally taken to mean the extreme length 

at the load water line. 
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Load water Une. — Tlie section made by the plane of flotation when 
the veseel is loaded. Yachts are alwajB supposed to be loaded. 

Jjongitvdiwd section immened, or Ferft'coZ longitudinal sedion. — A 
vertical section through the keel, bounded by the load water line, 
stem, keel, and stetn-post. 

Midehip section. — The largest Tcrtical section, sometimes called the 
dead-^t section. In epeahing of the area of the midship section 
the immersed portion of that section is to be nnderstood, 

Jnoiiife.— Pieces of thin wood of Tarions forms nsed in drawing cnrved 

Rabbet of keel. — The score or notch cat in the sides of the heel for the 
reception of the garboard or lowest strake of plank. 

Rake. — Inclination from the vertical. 

Room and space. — The distance from the centre line of one frame of 
timbers to the centre line of the next. 

Bonghlree rail.- — The upper rail of the bulwark formii^ the sheer of 
the vessel. 

Sheer. —A curve ; the loi^tudinal cnrre made by the deck or rail in 
a fore-and-aft direction. 

Sheer draft or plan. — A ship drawing showing a series of longitndinal 
vertical sections. 

Stem. — The foremost piece of timber in the ship. 

Stem-poat. — The aflermost piece of timber within the counter. The 
mdder is hung to it. 

Straighl-edge. — A long flat ruler used by draughtsmen. 

Straight ofbTeadih. — That part of a vessel's side at or near the mid- 
ship section where the vessel is of the same breadth for some 
distance. 

7Van«om«.— Timbers placed acioes the stern-poet. 
Water litte.^A section of a ship made by a plane at or below the 
plane of flotation. When " the water line " is mentioned it 
usually means the section at the plane of flotation. 
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